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General Overview 
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NEC 


NEC’s consumer ICs include a variety of devices which are built into the electronic equipment found nowadays in most 
homes. They are used to control audio and video systems, transmit and display information, store data, drive clocks and for 

many other functions. 

Infrared remote controllers for home entertainment like VCR, TV and audio equipment are extremly popular. Their use is 

spreading to household appliances and new application fields like car locks, security systems, burglar alarms and air- 

conditioning systems. 


The NEC consumer data book is divided into the following sections: 


1. General Information. This section gives a general overview of NEC’s consumer devices and the structure of the data 
book. 


2. wPD17K-Family. In this section you will find all devices of our 1.PD17K-Family separated into 5 main groups: 
- the u.PD170xx series (digital tuning systems) 

- the .PD171xx series (consumer specific microcomputers) 

- the .PD172xx series (remote controllers) 

- the u.PD173xx series (home automation controllers) 

- the 1PD174xx series (special consumer applications) 


3. Instruction Manual of the 1.PD17K-Family. This section provides you with information about the architecture and the 
instruction set of this device family. 
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NEC 


17K-Family 


e One machine-cycle instruction execution 
e General Register Machine not just Accu based CPU 
¢ 16 bit instruction length 


170xx 171xx 172xx 
e Digital tuning systems e White goods controllers e Remote controller 
¢ Serial interface e Low power consumption e Low voltage operation 
e A/D -D/A-converters e General purpose e Carrier frequency generation 
e |F-counter ® Serial interface e Low voltage detection circuit 
¢ LCD-driver e A/D-converter ¢ Constant LCD voltage circuit 
e Image display controller e Timer e Learning remote controller 
e PLL e Low voltage operation © Built-in preamplifier 

e Large static RAM 


170xx —- Overview 


Portable TV; 
DTS (TUNERS) LCD-TV/VCR Volene aonitiasice: 


17001 | 17003A |; 17005 | 17010 | 17006 | 17002 | 17008 | 17051 | 17052 | 17053 


ROM (words | 3836 | 3836 | 7932 12288 | 3968 | 16256 | 8192 12288 
RAM (words) 224 | 320 | 492 | 896 | 336 | 672 672 

Stack levels po 
Minimum instruction 1.78ps/ 

execution time Shik seat shies 4.5MHz eps/SMinz 


ADCs | SxS xBbit|Ex4bit] Ss Bx 4bit 


| 9x8 bit 
Amplifiers pe 
Int/ext. interrupts 


Serial interface 


jVo-Pots | 2 | tT | tT tT tS 


1 channel 3 wires 
1 channel 2 wires 


2 channels 3 wires 
1 channels 2 wires 


16 bit IF counter Vsync-; Hsync- counter 


PLL/voltage 150 MHz/250 MHz 150 MHz 15 MHz PLL 14 bit D/A (PWM) 
synthesizer PLL PLL PLL (ext. prescaler required) Voltage synthesizer 
; 48 64 48 
Pins Package 48 QFP 80 QFP SDIP SDIP 64 SDIP 
orp 17P001 17P005 17P010 | 17P006 atid 17P008 No OTP version 


finput-Ports | 
|Output-Ports | 2 | ttt Tk Tt | 
|LCD Driver | =~ | 30segments/2common | - | 
po 8 | 20 |__| | 190 

differenttypes | 120 | | 128 | 128 | 256 
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171xx - Overview 


17102 17106 =| 17103 (L)* | 17104 (L)* | 17107(L)* | 17108 (L)* | 17134A | 17136A | 17135A | 17137A 


Tm [mil *6 +... 
A 


STD: Vpp 4.5 - 6V STD: Vop 4.5 - 6 V 
2 ps /8 MHz 8 us /1 MHz 
2 us / 8 MHz 8 ps / 1MHz 2 ps / 8MHz 
LC =Vpp1.8-36V)}bL Vpp15-3.6V 
8 ys /2 MHz 40 ys /200kHz 


ROM (words) 
RAM (words) 
Stack levels 


Minimum 
instruction 
execution time 


Int/ext. 
interrupts 


6 bits 
4 channels 
DACs (PWM) 1x6 bit 
8 bit 
Zero-Cross 1 
Detectors 


1channel 3 wires 


Serial interface 


1channel |2 channels 
3 wires |2 and 3 wires 


LCD-Driver 


3 


put-P 
Amplifiers 


rec liblil 
3 & 


Ceramic resonator RC oscillator 


ie) 
Bs 

pe) 
2 3 
S53 


Generator 


52 64 16DIP | 22SsDIP | 16DIP | 22 SDIP 28 SDIP 
dhaalaiins da 16SOP | 24QFP | 16S0P | 24SOP 28 SOP 
ed 17P106 | 17P103 | 17P104 | 17P107 | 17P108 17P136A 17P137A 


il] 


*L: Low voltage version 


NEC 


172xx - Overview 


+ 4096 SRAM + 2048 SRAM 


1 


Serial interface 


Common features: 
e Low voltage operation (2.0V) e Low voltage detection circuit 
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NEC 


uPD17001 


BUILT-IN PRESCALER 


uPD17001 is a 4 bits CMOS microcomputer for Digital Tuning System implemenied prescaler (operational fre- 


quency up to 150 MHz), PLL frequency synthesizer and IF counter on chip. 


CPU applies uPD17000 architecture which operates data memory directly without accumulater, and it realizes 


effective programming. 


by selecting high reference frequency like 50 kHz or 100 kHz. 


All instructions consist of 16 bits one word. 


As PLL frequency synthesizer can apply pulse swallow method, high performance tuner is easily constructed 


In addition, station detect is realized by counting intermediate frequency of tuner using built-in 16 bits IF 


counter. 
As system development support tools of uPD17001, IE-17K (In Circuit Emulator) and AS17K (assembler) are 


prepared. 


FEATURES 


4 bits microcomputer for Digital Tuning System 
program memory (ROM) 

8 K bytes (16 bits x 3836 steps) 
data memory (RAM) 

224 words (4 bits x 224 words) 
stack level: 7 
35 types of simple instruction 
decimal operation 
instruction execution time: 4.44 us 

(with 4.5 MHz crystal oscillator) 

built-in PLL frequency synthesizer and 150 MHz 
prescaler 
12 types of reference frequencies can be selected 
by software. 
1, 1.25, 2.5, 3,5,6.25,9, 10, 12.5, 25, 50, 100 kHz 
built-in amplifier for LPF (Low pass filter) 


Notes on Serial interface: 
The 2-wire mode corresponds to the I2C-Bus specification from Philips. 


In case of using this interface mode note the following: 


Duties when using I2C bus system 
Purchase of NEC’s I2C bus system hardware components conveys a license under the Philips 12C patents rights 


to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 


defined by Philips. 
Consequently for all ROM based components with |2C hardware circuits the user is kindly requested to notify the 


use of the I2C bus interface at the ROM code verification stage. 
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built-in IF counter (AMIFC, FMIFC) 
built-in 8 bits serial interface 

1 system 2 channels: 3 wire or 2 wire system 
built-in D/A converter: 8 bits x 3 (PWM output) 
built-in A/D converter: 6 bits x 6 
built-in discharge detection circuit and power on 
reset circuit 
interrupt 

external interrupt: 2 channels 

internal interrupt: 3 channels 
various |/O ports 

input/output ports: 12 lines 

8 lines 
: 12 lines 


input ports 

output ports 
built-in CGP (Clock Generator Port) 
single power supply (5 V+10 %) 
CMOS low power consumption 
48-pin plastic QFP 


uPD17001 


PIN CONFIGURATION (Top View) 
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BUILT-IN EPROM, PRESCALER 


uPD17P001 is a 4 bits CMOS microcomputer for Digital Tuning System implemented EPROM, prescaler (oper- 


ational frequency up to 150 MHz), PLL frequency synthesizer and IF counter on chip. 


CPU applies wPD17000 architecture which operates data memory directly without accumulater, and it realizes 


effective programming. 


by selecting high reference frequency like 50 kHz or 100 kHz. 


All instructions consist of 16 bits one word. 


As PLL frequency synthesizer can apply pulse swallow method, high performance tuner is easily constructed 


In addition, station detect is realized by counting intermediate frequency of tuner using built-in 16 bits IF 


counter. 


EuPD17P001 is the most suitable for evaluating the program of uPD17001 or for producing a few products be- 
cause “PD17P001 is built-in EPROM. 
As system development support tools of uwPD17P001, IE-17K (In Circuit Emulator) and AS17K (assembler) 


are prepared. 


FEATURES 
@ 4 bits microcomputer for Digital Tuning System 
@ program memory (EPROM) 
8 K bytes (16 bits x 3836 steps) 
@ data memory (RAM) 
224 words (4 bits x 224 words) 
@ stack level: 7 
@ 35 types of simple instruction sets 
@ decimal operation 
e 


instruction execution time: 4.44 us 
(with 4.5 MHz crystal oscillator) 
built-in PLL frequency synthesizer and 150 MHz 
prescaler 
12 types of reference frequencies can be selected 
by software. 
1, 1.25, 2.5, 3,5,6.25,9, 10, 12.5, 25, 50, 100 kHz 
built-in amplifier for LPF (Low pass filter) 
built-in IF counter (AMIFC, FMIFC) 
built-in 8 bits serial interface 


1 system 2 channels: 3 wire or 2 wire system 


®@ built-in D/A converter: 8 bits x 3 (PWM output) 


built-in A/D converter: 6 bits x 6 
built-in discharge detection circuit and power on 
reset circuit 
interrupt 
external interrupt: 2 channels 
internal interrupt: 3 channels 
various 1/O ports 
input/output ports: 12 lines 
input ports 8 lines 
output ports : 12 lines 
built-in CGP (Clock Generator Port) 
single power supply (5 V+10 %) 
CMOS low power consumption 
Product of mask ROM version: uPD17001 
48-pin plastic OQFP 


uPD17P001 


PIN CONFIGURATION (Top View) 
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DIGITAL TUNING SYSTEM HARDWARE BUILT-IN 
4-BIT SINGLE CHIP MICRO CONTROLLER 


UPD17003A is a 4-bit single chip CMOS micro controller which contains digital tuning system hardware. 
17K architecture is used for CPU, data and memory manipulations and various types of operations, and 


peripheral hardware control can be performed directly by one instruction. 

Peripheral hardware devices include a prescaler which operates up to 250 MHz, PLL frequency synthesizer, LPF 
(Low Pass Filter) amplifier, and frequency counter for digital tuning in addition to various types of input/output 
ports, LCD controller/driver, A/D converter, D/A converter (PWM output), and clock generator ports. 

Consequently, a high performance digital tuning system with a variety of functions can be constructed using 
only one chip. uPD17005 (note) is available as the product which is pin-compatible with u.PD17003A and whose 
memory size (ROM) is extended. One-time PROM version uPD17P005 (note) is available as uPD17005, and 
HPD17P005 can be used for program evaluation of uPD17003A at small volume production. 


FEATURES 

¢ Using 17K architecture * Instruction execution time 

* Program memory (ROM) 4.44 us (using 4.5 MHz quarts oscillator) 
8K bytes (3836 steps x 16 bits) * Decimal operation enabled 

¢ General purpose data memory (RAM) * Table reference enabled 
320 nibble (320 words x 4 bits) ¢ Built-in PLL frequency synthesizer hardware 

* Dual modules prescaler (250 MHz Max.), programmable divider, phase comparator, charge pump, and LPF 
amplifier 


* Various types of peripheral hardware 
General purpose input/output ports, LCD controller/driver, serial interface, A/D 
converter, D/A converter (PWM output), clock generator, ports, and frequency 
counter 

¢ Various types of interrupt 
External interrupt : 2 channels 
Internal interrupt : 3channe!s 

* Power On Reset, resetting by a CE pin, and built-in blackout detection circuit 

¢« CMOS low power consumption 

¢ Power supply voltage 5 V +10% 


ORDERING INFORMATION 


Order Code Package 


uPD17003AGF-XXX-3B9 80-pin plastic QFP (14 x 20) 


Notes on Serial interface: 
The 2-wire mode corresponds to the I2C-Bus specification from Philips. 


In case of using this interface mode note the following: 


Duties when using I2C bus system 

Purchase of NEC’s I2C bus system hardware components conveys a license under the Philips 12C patents rights 
to use this components in an |2C system, provided that the system conforms the |I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 


use of the I2C bus interface at the ROM code verification stage. 
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uPD17003A FUNCTION OUTLINE 


* 8K bytes (3836 steps x 16 bits). 
Table reference area: up to 256 steps x 16 bits 


Program memory (ROM) 


* 320 nibble (320 words x 4 bits) 
General data memory 


Data buffer: 4 nibbles 
(RAM) ; 

General register: 16 nibbles 
Register file * 33 nibbles (control register) 


General port register 
(including LCD dot data 
register) 


* 24 nibbles 


Instruction execution time ¢ 4.44 us (using 4.5 MHz quarts oscillator) 
Stack level * 7 levels (stack operation 


¢ Input/output port: 
* Input ports: 8 


enabled) 
16 


General purpose port 


* Output ports: 9 
(+30: LCD segment pin) 


. 4 
VDP (Variable Duty Pulse) and SG (Signal Generator) 
functions 


Clock generator port (CGP) 


* 30 segments, 2 common 


1/2 duty, 1/2 bias, frame frequency 250 Hz, driving voltage Voo, 


segment pin used also for key source: 16 ports 


LCD controller/driver 
All of the 30 ports can be used as output ports 


(4 ports, 4 ports, 6 ports, and 16 ports can be set independ- 


ently) 


Two types (3 channels) 


Serial interface 8-bit 3-wire system: 2 channels 


8-bit 2-wire system: 1 channel 


8 bits x 3 (PWM output and output resisting pressure 16 V 
Max.) 


D/A converter 


NV im C uPD17003A 


Item Function 
A/D converter * 6 bits x 6 (consecutive comparison method by software) 


* 5 channels (maskable interrupt) 


ic : External interrupt: 2 channels (INTo pin and INTi pin) 
nterru 
Internal interrupt: 3 channels (timer, serial interface 1, 


and frequency counter) 


* Two types 
Timer Timer carry FF (1, 5, 100, 250 ms) 
Timer interrupt (1, 5, 10, 250 ms) 


| * Power On Reset (at power supply connection) 
Reset | ¢ Resetting by CE pin (CE pin Low - High) 
* Blackout detection function 


* 2 types 
Division Direct division method (VCOL pin 20 MHz Max.) 
method Pulse swallow method (VCOL pin 40 MHz Max.) 
(VCOH pin 250 MHz Max.) 

Reference * 12 types are selected by the program 1, 1.25, 2.5, 3, 5, 6.25, 9, 
PLL frequency 10, 12.5, 25, 50, 100 kHz 
frequency 
synthesizer Charge 


* Two independent error output 


pump 


Phase 
comparator 


« Unlocking can be detected by a program 
Unlocking FF delay time can selected 


LPF amplifier CMOS operation amplifier output resisting pressure 16 V Max. 


Frequency test 
P1D3 / FMIFC pin 5 to 15 MHz 
P1D2 / AMIFC pin 0.1 to 1 MHz 
* External gate width test 

POA1 / FCG pin 


Frequency counter 


Power supply voltage 5V+10% 


Package 80-pin plastic QFP 
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CONCEPT OF uPD17003A 
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NEC 


PIN CONFIGURATION (Top View) 
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1. PIN FUNCTIONS 


1.1 EXPLANATION ON EACH PIN FUNCTION 


INPUT/ OUTPUT | PIN FUNCTION 
OUTPUT | MODE NAME 


4-bit general purpose output port. 
Can be specified as an input or output 
port in 4-bit units (group I/O). Input/ 
Output is specified by the POCGPIO 
input CMOS register acarees 27H) of a register file. 
Output | Push-Pull Port OC | The POC register aeate on of 
BANKO) of the port register is used for 
reading input data and setting output 
data. 
At Power On Reset, Clock Stop instruc- 
tion execution, or CE Reset, these pins 
are specified as input ports. 


Used as a 4-bit general purpose input/ 
output port and also for serial inter- 
face. 

A general purpose input/output port 
and serial interface is switched by the 
SIO1MODE register (address 08H) and 
SIO2MODE register (address 02H) of 
the SIO1MODE register of the register 
file. 

(1) When the pin is used as a 4-bit 


general purpose input/output port 
POA3 / SDA 


POA2 / SCL Input/ 
POA: / SCKi Output 
POAo / SO: 


The port can be specified as an 
input or output port in bit units 
(bit I/O). 

Input or output is specified by the 
POABIO register (address 35H) of 
the register file. 

The POA register (address 70H of 
BANKO) is used for reading input 


data and output data and setting 
the port register. Since POAs / 
SDA, and POAz / SCL pins are N-ch 
open drain output, pull-up resis- 


tance is required in the external 
section. 
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NE C uPD17003A 
SYMBOL INPUT/ OUTPUT PIN FUNCTION 
OUTPUT | MODE NAME 


(2) When the pins are used for serial 


interface 


Two types of serial interfaces are 
available, serial interface 1 and 
serial interface 2 including Port 0B 
(pin numbers 7 to 10). 

Serial interface 1 and serial inter- 
face 2 can be used concurrently. 
Two channels of a 2-wire system 


and 3-wire system can be used for 
serial interface 1 and one channel 
of a 3-wire system can be used for 
serial interface 2. 

When using serial interface 1, 
specify pins from the SIO1MODE 
register of the register file and 
when using serial interface 2, 


3 | POAs/ SDA oe =eey pins using SIO2MODE 

4 | POAz/ SCL. Input/ =|) drain Port OA eae sue ft 

: POA: / SCKi Outeut eKos e function of each pin is listed 
6 | POAo/ SO; ' Push- —— 


; ; Operating 
Pin name | Function 
mode 


Serial 
inter- 
face 1 


Clock 
input/ 
output 
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SYMBOL INPUT/ OUTPUT | PIN FUNCTION 
OUTPUT | MODE NAME 
POB2 / 
SCK2 


Operating 
mode 


3- Serial 
POB: / Data wire inter- 
N-ch SO2 output face 2 
3 POA3 / SDA open 
4 POA2 / SCL drain POBo / Data 
———— Port OA : 
5 POA: / SCK1 CMOS Sle input 
6 POAo / SO; | Push- 
Pull 


Since pins POA3 / SDA and POA2 / SCL 
are N-ch open drain, Pull-Up resistance 
is required externally. 

At Power On Reset, Clock Stop instruc- 
tion execution, and CE Reset, all of 
these pins are specified as input ports 
of general purpose input/output ports. 


Used for 4-bit general purpose input/ 
Output ports and also for serial 
interface 
The SIO1MODE register (address 08H) 
or SIO2ZMODE register (address 02H) of 
the register file are used for switching 
the function as general purpose input/ 
output port to serial interface or vice 
versa. 
POB3 / Sh (1) When using the pins as 4-bit 
POBz / SCK2 Input/ CMOS general purpose input/output 
POB: / SOz Outoue liruchPull ports 
POBo / Sle The pins can be specified as input 
Or Output ports in bit units (bit 
I/O). 
Input or output is specified by the 
POBBIO register (address 35H) of 
the register file. 
The POB register (address 71H of 
BANKO) of the port register is used 
for reading input data and setting 
Output data. 


2-22 


NE c uPD17003A 
NO. OUTPUT | MODE 


(2) When the pins are used for serial 
interface 
Two types of serial interface can 
be used including Port 0A (ad- 
dresses 3 to 6), serial interface 1 


POB3 / Sh 

POB2 / SCK2 Input/ | CMOS 
POB: / SQ2 Output | Push-Pull 
POBo / Sle 


and serial interface 2. 

Port OB See the explanation on Port 0A for 
the function of each pin. 
At Power On Reset, Clock Stop 
instruction execution, and CE 
Reset, all of these pins are speci- 
fied as input ports of general 
purpose input/output ports. 


External interrupt request input pin. 

An interrupt request is issued from the 
input signal rising edge or falling edge 
of the input signal added to the pin. A 


rising edge and a falling edge can be 
specified by the INTEDGE register 


(address 1FH) of the register file using 
INTo pin and INT: pin independently. 
Even if an interrupt request is issued, 
interrupt cannot be accepted unless it 
is permitted (maskable interrupt). 
Types of interrupt permission include 
permission of all the interrupts by the 
11 INT El instruction and permission of the 
12 INTo interrupt of each INTo pin and INT pin. 
Permission of interrupt for each pin is 
specified by the INTPM2 register 
(address 2FH) of the register file. 
When interrupt is permitted and when 
an interrupt request is issued, the 


interrupt is accepted. When interrupt 
is accepted, control of the program is 
passed to address 0005H in the case of 


interrupt by the INTo pin and address 
0004H in the case of interrupt by the 

INT1 pin. 

When interrupts for both INTo pin and 
INT1 pin are allowed and when inter- 


rupts for both pins are issued, priority 
is given to the interrupt by INTo pin. 
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OUTPUT | MODE NAME 


Even if an interrupt is not permitted, 
the issuing of an interrupt request can 
be checked using the INTREQ2 register 
(address 3FH) of the register file. 
When an interrupt function is not used, 
the input level of each pin can be de- 
11) INTs Input Interrupt; tected by the INTJDG register (address 
12 | INTo | OFH) of the register file, and the pin can 
be used as a general purpose input 
port. 
At Power On Reset, Clock Stop Instruc- 
tion execution, or CE Reset, the inter- 
rupt permission and interrupt request 
are reset. 


Chi 
13 CE Input 
Enable 


Input pins for device operation selec- 


tion signal and reset signal. 


Device operation selection is to select 


the operation of the PLL frequency 


synthesizer and standby status as 


described below. 


(1) Device operation selection 
When the CE pin is at a High level, 
the PLL frequency synthesizer 


section can be operated. 


When the CE pin is at a Low level, 


the PLL frequency synthesizer 


section sets to a Disable state 


(Operation prohibited) automati- 


cally in the device internal section. 


When the CE pin is at a Low level, 


the operation of quartz oscillation 


circuits in the internal section and 


CPU can be stopped by executing 


a Clock Stop instruction and data 


memory can be kept under a low 


consumption current (15 wA or 


less) (at CE pin = High level, the 


Clock Stop instruction operates as 


the NOP instruction). At execution 


of a Clock Stop instruction, the 


LCD controller/driver is set to a 
Display Off mode (LCDo to LCDzs, 
COMo, COM: pin are Low level 
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Chip 
Enable 


13 CE Input - 
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PIN SYMBOL INPUT/ OUTPUT | PIN FUNCTION 
NO. OUTPUT | MODE NAME 


(2) 


uPD17003A 


Output) and general purpose input- 
output ports (Port 0A, Port 0B, Port 
OC, and Port 1A) are used as input 
ports. 

Reset signal input 

When the CE pin is changed from 
a Low level to High level, the 
device is reset by synchronizing 
with the Timer Carry FF of the 
internal section (CE Reset). 

When the device is reset, the 
program starts from address 0. In 
this case, the general purpose 
input/output ports are used as 
input ports. 

Since four types of internal Timer 
Carry FF, 1, 5, 100, and 250 ms can 
be selected, the time elapsing 
from when the pin is changed 
from the Low level to High level 
until the device is reset can be 
selected. However, if a Clock Stop 
instruction has been executed, the 
device is reset about 100 ms after 
the CE pin is changed to a High 


level. 


This pin does not accept a Low 
level or High level of less than 100 
to 165 us to prevent operation 
error due to noise. 

By using the CEJDG register 
(address 07H) of the register file, 
the input signal level of this pin 
can be detected. In this case also, 
the contents of the CEJDG register 
do not change at a Low level or 
High level of less than 110 to 165 
US. 

Shumit Trigger input with hyster- 
isis feature is used for this pin. 
Note that a voltage higher than 
that of Vop pin must not be sup- 
plied at power connection. 
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P1A3 
P1A2 
P1A1 
P1Ao / FCG 
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SYMBOL INPUT/ OUTPUT | PIN FUNCTION 
OUTPUT | MODE NAME 


NEC 


Used as a 4-bit general purpose input/ 
output port and also as an external 
gate counter (P1Ao / FCG pin). 

The switching between the general 


purpose input/output port and an 
external gate counter is performed by 
the IFCMODE register (address 12H) of 
the register file. 

(1) When the port is used as a 4-bit 


general purpose input/output port 


The port can be specified as an 


input or Output port jin bit units 
(bit 1/O). 

Input or output is specified by the 
P1A register (address 35H) of the 
register file. 

The P1ABIO register (address 70H 
of BANK1) of the port register is 
used for reading input data and 
setting output data. 

When the port is used as an 


(2) 


external gate counter (FCG) 
(P1Ao / FCG pin) 
The counter counts the time from 


one rising edge to the next rising 


edge of the signal sent to the 

P1Ao / FCG pin. A reference 
frequency (1 kHz, 100 kHz, 900 kHz) 
of the internal section is counted 
by a 16-bit counter. The external 


gate counter is specified by the 
IFCMODE register (address 12H) 
and IFCCONT register (address 
23H) of the register file. 

The PiAo / FCG pin must be speci- 
fied as the input port by the 
P1ABIO register (address 35H). 
Since the IFCMODE register and 
IFCCONT register control the 
frequency conter (P1D3 / FMIFC 
and P1D2/ AMIFC pins) and a clock 
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| SYMBOL INPUT/ OUTPUT | PIN FUNCTION 
OUTPUT | MODE NAME 


generator port (P1Bo / CGP pin) 
also, an external gate counter, 
frequency counter, and a lock 
generator port cannot be used 
Input CMOS bor 1A concurrently. 
Output | Push-Pull 
At Power On Reset, execution of a 
Clock Stop instruction, and CE Reset, 
all of these pins are specified for input 
ports of the general input/output ports. 


Used as a 4-bit general output port, 
D/A converter (P1B2 / PWMz2, P1Bz2 / 
PWM:, P1B1 / PWNo pins), and a clock 
generator port (P1Bo / CGP pin). 

The PWMMODE register (address 13H) 
of the register file is used for switching 


14 
15 
16 
17 


P1A3 
P1A2 
P1Ai 
P1Ao / FCG 


the general output port, D/A converter 

and a clock generator port. 

(1) When the port is used as a 4-bit 
general purpose output port 
The P1B register (address 71H of 
BANK1) of the port register is used 
for setting output data. 
The pins PIBs / PWM2, PIB2 / PWM:, 
and PIBo / PWMo require Pull-UP 
resistance for N-ch open drain 


N-ch 
open 
drain 


18 
19 
20 


P1B3 / PWM2 
P1B2 / PWM 
P1Bi / PWMo 


Output Port 1B 


21 | P1Bo / CGP CMOS 


Push-Pull output. (Resisting pressure 16 V 


Max.) 

When the port is used as a D/A 
converter (PWM output) (pins 
P1B3/ PWMz, P1Bz2 / PWM), and 
P1Bi / PWMo) 

Each of pins P1B3 / PWMz2, P1B2 / 
PWM, and P1Bi / PWMo can 
output an independent signal. 

A pulse width modulation (PWM) 
method is used as the output 
method, the frequency is 878.9 Hz 
(225 kHz/256) and duty is 
0.25/256-255.25/256. (256 stages) 
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SYMBOL INPUT/ OUTPUT | PIN FUNCTION 
OUTPUT | MODE NAME 


The duty must be set below the 
PWMRO to PWMR2 registers 
(addresses from 05H to 07H) via a 
data buffer. 


D/A 878.9 Hz 
converter 


These three pins are N-ch open 


drain output and the resisting 


pressure is 16 V Max. 


N-ch 
open 
drain Port 1B 


18 | P1B3 / PWM2 
19 | P1Bz2 / PWM 
20 P1Bi / PWMo Output 


(3) When the port is used as a clock 
generator port (CGP) (P1Bo / CGP 
pin) 

The P1Bo / CGP pin is set to a CGP 
mode by the PWMMODE register 
(address 13H) and IFCMODE 
register (address 12H) of the 
register file. 


21 | P1Bo / CGP CMOS 


Push-Pull 


Two functions are available for a 
CGP mode, VDP (Variable Duty 
Pulse) and SG (Signa! Generator). 


The VDP function produces output 
in 64 stages, duty 2/67 — 65/67 at 
frequency 269 Hz. 


The SG function produces output 


by dividing with the value of 4 to 


130 (64 stages) using frequency 18 


kHz as the reference frequency. 
Both the VDP and SG functions set 
data as follows’using the CGPR 
register (address 20H) via a data 
buffer. 
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PIN SYMBOL INPUT/ OUTPUT FUNCTION 
NO. OUTPUT | MODE 


P1B3 / PWM2 N-ch 

P1Bz2/ PWM; open 

P1B1 / PWMo Output || drain 
At Power On Reset, execution of a 

P1Bo / CGP CMOS Clock Stop instruction, these pins are 

Push-Pull specified as general purpose output 

ports. 
At Power On Reset, undefined data is 
output. At execution of a Clock Stop 
instruction, the value of the general 
purpose Output port is retained. At CE 
reset, the statuses (general purpose 
output port, A/D converter, CGP) which 
are set at that time are retained. 


4-bit general purpose output port. 
Output data is set via the P1C register 
(address 72H of BANK1) of the port 
register. 

At Power On Reset, Undefined data is 
output. 

At execution of a Clock Stop instruction 
or CE reset, the value which was output 
previously is kept. 


Used as a 4-bit general purpose input 
port, frequency counter (pins P1Ds / 
FMIFC and P1Dz2 / AMIFC), and also A/D 
converter (pins PIDi / ADC: and PIDo / 
ADCo ). 

The IFCMODE register (address 12H) of 


P1D3 / FMIFC 
P1D2 / AMIFC 
P1Di / ADC: 
P1Do / ADCo 


the register file is used for switching 


the general purpose input port and A/D 
converter. 
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SYMBOL INPUT/ OUTPUT | PIN FUNCTION 
OUTPUT | MODE NAME 


The ADCCH register (address 14H) of 
the register file is used for switching 
the general input port and A/D con- 


verter. 


(1) 


When the port is used as a 4-bit 


general purpose input port 
The P1D register (address 73H of 
BANK1) of the port register is used 


for reading input data. 


(2) When the port is used as a fre- 
quency counter (P1D3 / FMIFC and 
P1Dz / AMIFC) 

Using the IFCMODE register of the 
register file, pins P1D3 / FMIFC and 
P1Dz / AMIFC can be used as 

frequency test pins. The following 


frequencies can be tested. 


Input Input Input 
pin frequency | oscillation 
Pils) | & to 

.3 Vp- 
FMIFC | 15 MHz | 23 YPP 
P1D2/ | 0.1 to 

.3 Vp- 
AMIFC 


As the test method, the frequency 


26 | P1D3 / FMIFC 
27 | P1D2/ AMIFC 
28 | P1D:/ ADC; 
29 | P1Do / ADCo 


Input - Port 1D 


input within the gate time (1 ms, 4 
ms, 8 ms, open) is counted by a 


16-bit counter. However, the value 


divided by 2 is counted for the 
P1D3 / FMIFC pin. 
At termination of the test (when 


the gate is closed), an interrupt 
request can be issued. 


These functions can be used at 


detection of broadcast station by 
counting the intermediate fre- 


quency. 


When the port is used as a fre- 


quency counter, cut the direct 


Current section of the input signal 


with a condenser because an 


alternate current amplifier is used 


for input. 
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NEC 


P1D3 / FMIFC 

P1D2 / AMIFC 

P1D1/ ADC: Input Port 1D 
P1Do / ADCo 
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SYMBOL INPUT/ OUTPUT | PIN FUNCTION 
OUTPUT | MODE NAME 


(3) 


uPD17003A 


The pin which was selected is 
used as an intermediate electric 
potential (about 1/2 Vop). Pins 
which are not selected can be used 
as a genera! purpose input port. 
The alternate current ampilfier 
must be initialized by a program 
as required because it is not set to 
Disabled (prohibited state) even if 
the CE pin (pin number 13) is set 
to a Low level (if the amplifier is 
operating, the current consumed 
may increase the noise factor). 
Since the IFCMODE register also 
specifies an external gate counter 
(P1Ao / FCG pin) and clock genera- 
tor port (P1Bo / CGP pin), the 
frequency counter, external gate 
counter, and clock generator port 
cannot be used concurrently. 
When the port is used as an A/D 
converter (pins P1D:1 / ADC: and 
P1Do / ADCo) 

The port can be used as an A/D 
converter of 6 bits by the ADCCH 
register (address 14H) of the 
register file. 

The A/D converter can use six 
channels by switching pins 

POD: / ADCs to PODo / ADC2z (pin 
numbers from 75 to 78) in addition 
to pins P1D:1 / ACD: and 

P1Do / ACDo. 

A consecutive comparison type is 
used as the conversion method 
and the reference voltage is 
created by dividing power supply 
voltage Vop using the R string 
method. 
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TPUT | PIN 
SYMBOL INPUT/ OUTPU 
OUTPUT | MODE NAME 


= 


30 Vop1 Power 
41 Vop2 supply 


26 | P1D3 / FMIFC 
27 | P1D2/ AMIFC 
28 | P1Di/ ADC: 
29 | P1Do / ADCo 
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FUNCTION 


At Power On Reset, execution of a 
Clock Stop instruction, all these pins 
are specified as a general purpose 


input ports. 
At CE reset, the statuses (general 


purpose input port, frequency counter, 


and A/D converter) set at that time are 


retained. 


Device power supply pin 
Voltage of 5 V +10% is supplied at 
operation of CPU and peripheral func- 


tions. 


When only CPU is operating, the 
voltage can be reduced to 3.5 V. 
When the CE pin (pin number 13) is 


at a Low level and when a Clock Stop 


instruction is executed, oscillation of 


the quartz oscillator stops and a data 


set backup state is set. During the 


clock stop state, the voltage can be 
reduced to 2.2 V. 
When the voltage rises from 0 V to 4.5 


V or when the voltage rises to 4.5 V 


again after decreasing to a degree less 
than 3.5 V (less than 2.2 V at clock 
stop), Power On reset is performed for 


the device. 
When Power On Reset is performed, 


the peripheral circuits, system regis- 


ters, and register files are initialized 


and the program starts from address 0. 


The time spent from the voltage 0 V to 
4.5 V must be within 500 ms. 

Resetting by a CE pin (CE Pin Reset) is 
also available in addition to Power On 


Reset described above for resetting a 


device. 


Since the values of timer carry FF if the 


register file differs between Power On 
Reset and CE Reset, blackout can be 


detected by detecting the timer carry 
FF. 


uPD17003A 


SYMBOL INPUT/ OUTPUT | PIN FUNCTION 
OUTPUT | MODE NAME 


A voltage higher than that of the Vop 
pin must not be supplied to all the pins 
other than Vop pins (Vpp1 and Vopz). In 
particular, care is necessary when the 
Vop pin and the CE pin are started 
simultaneously. Latch-Up may occur. 

Vop1 Power The Vpo1 pin and Vop2 pin must be 

Vop2 supply connected to an electrical potential. 
The Voo2 pin is used to supply power to 
quartz oscillation circuits (pins Xin and 
XoutT), error out circuits (pins EOo and 
EQ1), and low path filter circuits (pin 
LPFin). Pin Voo1 is used for supplying 
power to other sections. 


31 VCOL 
Input 
32 | VCOH 
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Used for inputting local oscillation 
(VCO) frequency of PLL. 

A direct division method (MF mode) 
and pulse swallow method (HF mode 
and VHF mode) are available as divi- 
sion methods and the method is 
specified by the PLLMODE register 
(address 21H) of the register file. The 
input pin, input frequency and division 


Local 


ratio by each division method are as 
follows. 


oscilla- 


tion 


Low Input Input ee 
. Input frequency | voltage Division 
input pin (MHz) (Vp-p) ratio 


Local 


Direct 16 to 
oscilla- 

: Pulse 
tion swallow] VCOL | 5 to 40 0.3 io to 
High (HF) a 


256 to 
swallow] VCOH 9164 


Since alternate current amplifier is 
used for input of these pins, the direct 


current section of the input signal must 
be cut using a condenser. 

The pin specified by the PLLMODE 
register is used as an intermediate 
electrical potential (about 1/2 Vop). 
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PIN SYMBOL INPUT/ OUTPUT FUNCTION 
NO. OUTPUT | MODE 


Pins which are not specified are pulled 
Local 


down in the internal section of the 


oscilla- ; 
device. 


When PLL is disabled or when the CE 
pin is at a Low level, these pins are 


tion 
Low 


input 
pulled down in the internal section of 


the device. 

Local 
At Power On Reset or execution of a 
Clock Stop instruction, a PLL Disabled 
state is set. At CE reset, the state 
specified by the PLLMODE register is 


set. 


oscilla- 
tion 
High 
input 


Ground | Ground pin of the device 
Quartz oscillator connection pin 


Connects a 4.5 MHz quarts oscillator as 
shown below. 
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4.5MHz quarts 
oscillator 


Output | CMOS Quartz C1 a ale 
Input - oscillator | 


The values of C1 and C2 are deter- 
mined by the quartz oscillator which is 
used. 

When the values of C1 and C2 are 
increased to values which are too high, 
the oscillation activation feature may 
deteriorate or current consumption 
may increase. 

In general, the adjustment range of a 
trimmer condenser for oscillation 
frequency adjustment increases when 
the oscillator is connected to the Xin 
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36 
37 


NEC 
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SYMBOL INPUT/ 
OU 


34 | Xout Output 
35 XIN Input 


EO: 
EQOo 


OUTPUT 


TPUT | MODE 


Output 


MOS 
3 states 
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FUNCTION 


pin. However, the quartz oscillator 


which is actually used, including 
oscillation stabilizer, must be used for 
evaluation. 

An oscillation frequency cannot be 
adjusted accurately because of the 
problem at capacity, etc., if a probe is 
connected to the Xout pin or Xin pin. 
Consequently, the frequency must be 
tested while testing the LCD driving 
wave form (125 Hz) or VCO oscillation 
frequency. 

Since the reference frequency of the 
timer of the internal section or PLL is 
used by dividing 4.5 MHz, if the value 
is shifted from 4.5 MHz, the values of 
the timer and reference frequency also 
shift in the same proportion. 


Used as charge pump output pins of a 


PLL frequency synthesizer. 

When the value producing by dividing 
the local oscillation (VCO) frequency 
which is input to the VCOL pin (pin 
number 31) or VCOH pin (pin number 
32) is higher than the reference fre- 
quency, a High level is output from 
these pins and when the value is lower 
than the reference frequency, a Low 
level is output. When the values 
match, floating occurs. 

A PLL. frequency synthesizer can be 
structured by adding output of these 
pins to VCO (Voltage Controlled Oscil- 
lator) via LPF (Low Pass Filter). 

Either of the pins EQ: and EQ2 can be 
used because the same signal is 
output. 

At a PLL Disabled state, these pins are 
set floating. That is, when the CE pin 
(pin number 13) is at a Low level or at 
Power On Reset, floating occurs. 
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SYMBOL INPUT; OUTPUT | PIN FUNCTION 


OUTPUT | MODE NAME 


The PLL frequency synthesizer can 

detect a PLL unlocked state by the 

PLLULJDG register (address 05H) of the 

CMOS register file. Four types of time (0.5 us, 

| Output | 3 states Error out) 4 ys 2 ys, and Disable) can be selected 
as the delay time for detecting the PLL 
unlocated state using the PLULDLY 
register (address 15H) of the register 
file. 


| Pins for a built-in CMOS operation 
amplifier for LPF (Low Pass Filter) 


Examples of an internal equivalent 
circuit of each pin and application of 


circuit are shown below. 


LPF power 
supply 


LPF 
Amplifier 


39 LPFout 
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INPUT/ OUTPUT 
OUTPUT | MODE 


SYMBOL 


LPFout Output 


GIRPUE: || Bock Pail 


CMOS 
3-value 
output 
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Port 2A 
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FUNCTION 


Pull-Up resistance is required for the 
LPFout pin because of N-ch open drain 
output. The resisting pressure is 16 V 
Max. 

A voltage higher than that of the 
LPFout pin must be supplied to the Vipr 
pin (16 V Max). 

At a PLL Disabled State, the LPFin pin is 
pulled up in the device internal section. 


1-bit general purpose output port. 
Output data is set via the P2A register 
(address 70H of BANK2) of the port 
register. 

At Power On Reset, undefined data is 
output. 

At execution of a Clock Stop instruction 
or CE reset, the value which was output 
previously is kept. 


Common signal output pins of the LCD 
controller/driver. 

The duty, bias, frame frequency, and 
driving voltage of the LCD controller/ 
driver are 1/2, 1/2, 250 Hz, and Vop 
respectively. 


Display of up to 60 dots can be per- 


formed by the matrix with pins LCDo / 
POYo / KSo to LCDzg / POFs. 

Three types of voltages, 0, 1/2 Vpp, and 
Vpp are output from these pins. 

The light of the dot from which a 
potential difference of +Vop is produced 
between these pins and pins LCDo / 
POYo / KSo to LCDz9 / POF3 comes on. 
When a Display Off mode is set by the 
LCDMODE register (address 10H of the 
LCDMODE register of the register file), 
a Low level is output at Power On 
Reset or execution of a Clock Stop 
instruction. 

At CE Reset, the state is kept if the 
mode is a Display On mode. 
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SYMBOL INPUT/ OUTPUT PIN FUNCTION 
OUTPUT | MODE NAME 


Used for segment signal output (pins 
LCDz29 / POF3 to LCDo / POYo / KSo) of a 
LCD controller/driver, key source signal 
output (pins LCDis / POYis / KSi5 to 
LCDo / POYo / KSo), and also as a 
general output port (LCDzs / POF3 to 
LCDo / POYo / KSo). 

The LCDMODE register (address 10H) 
and LCDPORT register (address 11H) 
are used for outputting segment 
signals and key source signals, and 
switching genera! purpose output 


LCD29 / POFs ports. 
to | (1) When the pins are used for seg- 
LCDze / POFc ment signal output of a LCD con- 
troller/driver (pins LCDz9 / POF3 to 
LCDz2s / POEs LCDo / POYo / KSo) 
to The duty, bias, and frame fre- 
LCD22 / POEo LCD quency (segment signal output 125 
Output CMOS segment | Hz) of a LCD controller/driver are 
LCD21 / POXs Push-Pull) sional 1/2, 1/2, and 250 Hz respectively. 
to | Display of up to 60 dots is enabled 
LCDie / POXo by using a matrix of these seg- 
ment signal output pins, the COMo 
LCDis / POYi5 / KSi5 pin, and COM: pin (numbers 43 
to and 44). The light of the dot from 
LCDo / POYo / KSo which a potential difference of 


+Vop is produced between these 
segment signal output pins, and 
COMo and COM: pins comes on. 
Display data of an LCD controller/ 


driver is set via LCD dot registers 
(addresses 60H to 6EH of BANKO). 
Data can also be set by LCD group 
registers (addresses 08H to OFH) 
via a data buffer. 

A Display On mode and Display 
Off mode of a LCD controller/ 
driver is set by the LCDMODE 
register of the register file. 
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SYMBOL INPUT/ OUTPUT | PIN 
OUTPUT | MODE NAME 


LCD29 / POFs3 
to 
LCDz26 / POFo 


LCD2s / POEs 
to 
LCDz22 / POEo LCB 


CMOS segment 


Push-Pull 


Output 


LCD21 / POXs 
to 
LCDie / POXo 


signal 


LCDi5 / POYis / KS15 
to 
LCDo / POYo / KSo 
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In Display Off mode, these seg- 
ment signal output pins output a 
Low level. However, for pins 
which are specified for a general 
purpose Output port by the 
LCDPORT register of the register 
file, data of the output port is 
output regardless of the display 
mode, On or Off. 

Sixteen pins from LCDis / POY15 / 
KS15 to LCDo / POYo / KSo are also 
used for key source signal output 
of a key matrix as described in (2) 
and an LCD segment signal and a 
key source signal can be output 
concurrently. 

When the pins are used as a key 
source signal of a key matrix (pins 
LCDis / POYi1s / KS15 to LCDo / 
POYo / KSo) 

Using the LCDMODE register of 
the register file, sixteen pins from 
LCD15 / POY15 / KS15 to LCDo / POYo / 
KSo can be used as a key source 
output signal. 

A key source signal is output with 
a LCD segment signal in time 
sharing mode (key source signal 
output time 220 us). 


When a key source signal is used, 
pins PODs / ADCs to PODo / ADCz 
(pin numbers 75 to 78) are used as 


the return signal input pins. 
Consequently, a key matrix of 16 
key sources and 4 key input (up to 
64) can be structured. 

A key source signal is output every 
4 ms. Output data of a key source 
signal is set by the KSR register 
(address 42H) via a data buffer. 
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LCDz2s / POFs 
to 
LCD2é / POFo 


LCDz2s5 / POE: 
to 
LCDz22 / POEo 


CMOS 
Push-Pull 


Output 


LCD2: / POXs 
to 
LCDie / POXo 


LCDis / POYis / KSis5 
to 
LCDo / POYo / KSo 


SYMBOL INPUT/ OUTPUT | PIN FUNCTION 
OUTPUT | MODE NAME 


LCD 
segment 
signal 
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When the LCD controller/driver is 
in Display Off mode (segment 


signal output = Low level) and 
when these pins are specified for a 
general purpose output port, a key 


source signal is not output. 
When the pins are used for a gen- 


(3) 


eral purpose output port 

Each pin can be specified for an 
Output port as listed in the follow- 
ing table using the LCDPORT 
register (address 11H) of the 


register file. 


Pin name 
number 
45 


LCDs / POFs 
to 
LCDz26 / POFo 


Port Number 
name bit 


Port OE 4 bits 


LCD2s / POEs 


to 
LCD22 / POEs 


LCDa2: / POXs 
to Port OX 6 bits 
LCDis / POXo 


LCDs / POYis / 
KSis 


to Port OY 
LCDo / POYe / 


KSo 


Port OF, Port OE, Port 0X, and Port 
OY can be specified as general 


purpose output ports individually. 


Pins which are not specified for a 


general purpose output port can 
be used as LCD segment signal 


Output pins. 


Output data of each output port is 


set as listed below. 
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PIN SYMBOL INPUT/ OUTPUT | PIN FUNCTION 

NO. OUTPUT | MODE NAME 

ror Setting output data 
name 


Port OF | e POF register (address 
6DH of BANKO) 

Used also for the 
LCDD13 register of the 
LCD dot register 


Port OE | e POE register (Address 
6BH of BANKO) 
Used also for the 
LCDD11 register of the 


LCD dot register 


LCDz2s / POF3 
to 
LCDz26 / POFo 


Port OX | © POXH and POXL regis- 
ters (Addresses 69H 
and 68H of BANKO) 


Used also for the 


LCDz2s / POEs 
to 


LCDz22 / POEo LCD LCDD9 and LCDD8 
Output CMOS segment registers of the LCD 
LCDai / POXs Push-Pull | signal dot register 
: e Set by the POX group 
: register (OCH) via a data 
LCD:6 / POXo 


buffer 


LCDis / POYis / KS15 
to 
LCDo / POYo / KSo 


e Set by a OY group 
register (42H) via a data 
buffer 


At Power On Reset or execution of 
Clock Stop instruciton, all of these pins 
are specified for segment signal output 
and set to a Display Off mode. 
Consequently a Low level is output 
from all these pins. 

At CE Reset, the statuses (segment 
signal output, key source signal output, 
and general purpose output port) 
which are set at that time are retained. 
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Used for a 4-bit general purpose input 
port and also LCD segment key source 
signal return input, and also A/D 
converter input. 

The ADCCH register (address 14H) of 
the register file is used for switching 
the general purpose port and A/D 


converter. 
The pins POD3 / ADCs to POD: / ADC2 
contain pull-down resistance so that 


they can be used as key return signal 


input pins of a key matrix. 


(1) When the pins are used for 


general purpose input ports 


Input data is read via the POD 
register (address 72H of BANKO) of 


POD3 / ADCs (Pull- the port register. 
POD2 / ADCs Down Port OD When pins are used for a general 
POD: / ADC: Input with input port, the built-in pull down 


PODo / ADC2 resistance) resistance is always set to ON. 


(2) When the pins are used for key 


source signal return input of an 


LCD segment 


When an LCD segment pins is 


used for key source, the built-in 


pull down resistance is set to ON 


only during output of a key source 


signal (220 us) and the resistance 


is set to OFF during output of an 


LCD segment signal. 


The signals which were input to 


these pins during output of key 


source signals are fetched as key 


input data. 


Consequently, these pins must be 


used when a LCD segment signal 


Output is used as the key source 


signal. 
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75 POD3 / ADCs (Pull- 

76 POD2 / ADC4a Input Down Port OD 
77 POD: / ADCs Input with 

78 PODo / ADC2 resistance) 
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SYMBOL INPUT/ OUTPUT | PIN 
OUTPUT | MODE NAME 


uPD17003A 


FUNCTION 


When pins are used as an A/D 
converter 
By the ADCCH register (address 
14H) of the register file, the port 
can be used as a 6-bit A/D con- 
verter. 
A consecutive comparison method 
by a program is used as the A/D 
converter conversion method and 
the reference voltage is created by 
dividing power supply voltage Vpp 
using the R string method. 
An A/D converter can be used by 
switching six channels, pins P1D1 
/ ADC: and P1Do / ADCo (pin num- 
bers 28 and 29) in addition to pins 
from POD3 / ADCs to PODo / ADCaz. 
The channel used is specified by 
the ADCCH register of the register 
file. 

The other five channels which are 

not specified for the A/D converter 

can be used as a general purpose 

input port. 

For the built-in pull-down resis- 

tance, only the pin which was 

set is set to OFF when it is set 

to A/D converter input by the 

ADCCH register. 
At Power On Reset or execution of a 
Clock Stop instruction, the pins are 
specified for a general purpose input 
port. 
At CE Reset, the status (general pur- 
pose input port, LCD segment key 
source, return input, and A/D con- 
verter) which are set at that point are 
retained. 


NEC 
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1.2 NOTES ON USING A GENERAL PURPOSE PORT 


1.2.1. Port Register Data Set 

The port registers (registers POA to P2A) on data memory are used for reading input data or setting output 
data of each of the ports, Port 0A, Port 0B, Port OC, Port OD, Port 1A, Port 1B, Port 1C, and Port 2A. 

In this case, the POA3 pin of Port OA corresponds to the highest bit of port register POA and the POA pin 
corresponds to the lowest bit. 

These apply also to Port 0B, Port OC, Port OD, Port 1A, Port 1B, Port 1C, Port 1D, and Port 2A. Output 
data of Port OE, Port OF, Port 0X, and Port OY is set by the LCD group register via the LCD dot register or 
a data buffer on the data memory. 


1.2.2. Input/Output Ports (Port 0A, Port 0B, Port OC, and Port 1A) 


(1) When each port is specified as an input port 
By executing an instruction (the address of the port register is specified for m of SKT m, #i, or ADD 
r, m) for reading the contents of each port register in the data memory, the status of each port pin 
is used as the value of the port register. 
When an instruction (specified for rof MOV m, #ior ADD r, m) for writing data to each port register 
is executed, the value is written to the output data latch circuit. 


(2) When each port is specified as an output port 
When an instruction for writing data to each port register is executed, the value is written to the 
Output data latch circuit and is output from each pin. 
When an instruction for reading the contents of each port register is executed, the content of output 
data latch are used as the value of the port register. However, for pins POA3/SDA and POA2/SCL, 
the pin status is read as it is when the contents of the port register are read and the status may be 
different from the output data. 
At Power On Reset, CE Reset, or execution of a Clock Stop instruction, all of these pins are set for 
input ports. 
Since the contents of the output data latch circuit are undefined at Power On Reset, a Write 
instruction must be executed for the port register before setting data to the output port. Otherwise, 
undefined data is output. At CE Reset or execution of a Clock Stop instruction, the contents of the 
Output data latch circuit do not change. 


1.2.3. Output Ports (Port 1B, Port 1C, Port OF, Port OE, Port 0X, and Port OY) 

An output port is used for writing the value of the port register to the output data latch circuit by executing 
an instruction for writing data in a port register and outputting data from each pin. 

When a Read instruction is executed for a port register value, the port register value is set as the status 
of the output data latch circuit. 

At Power On Reset, undefined data is output. 

At CE Reset, the previous output data is kept at execution of a Clock Stop instruction. However, Port OE, 
Port OF, Port OX, and Port OY output a Low level automatically at Power On Reset and at execution of a Clock 
Stop instruction. 
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1.3. PIN EQUIVALENT CIRCUITS 


1.3.1 POA (POA: / SCKi, POAo / SO1) 
POB (POBs / Sli, POBz / SCK2, POB: / SOz, POBo / Siz) 
POC (POC3 , POCz, POC1, POCo) (*1) (input/output) 
P1A (P1A3, P1Az, P1A1, and P1Ao) 


— 
| —--- 


*1: The RESET signal is not provided to POC. 


1.3.2 POA (POA3 / SDA and PO0Az / SCL) (Input/Output) 


pe 
a 


2-45 


uPD17003A 


1.3.3. P1B (P1Bo / CGP) 
P1C (P1Cs, P1C2, P1C:, and P1Co) 
P2A (P2Ao) (Output) 
LCDo / POYo / KSo to LCDzs / POF: 


Voo 


a 
A 
|] 


1.3.4 P1B (P1B3 / PWMz2 and P1Bz / PWM:, and P1B:i / PWMo) (Output) 


=| amen 


eid 
7) 


1.3.5 POD (PODs / ADCs, POD2 / ADCs, POD: / ADC:, and PODo / ADCz) (Input) 


Voo 


— A/D converter 
| | i 
O—+—4 


——— 


‘: 
: 


High On resistance 
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1.3.6 P1D (P1D:1 / ADC: and P1Do / ADCo) (Input) 


uPD17003A 


A/D converter 


1.3.7. P1D (P1D3 / FMIFC, and P1D2 / AMIFC) (Input) 


General port 


~ 
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1.3.8 CE 
INTi (Schmit trigger input) 
INTo 


1.3.9  Xourt (output) and Xin (input) 


Voo High On 


resistance 


Voo 
4 ¢——— Internal clock 


High On i 
resistance “, sali 77 
| 
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1.3.10 EO 


1 
Oo 
EOo (Output) 


1.3.11 LPFin (input), LPFout (output), and Vir 


LPFin 
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LPFout 
O 


uPD17003A 


1.3.12 COM: 


(Output) 
COMo 
Vop Vop 
a =o = 
t | High On resistance 
|S 
High On resistance 
1.3.13 VCOH 
(Input) 
VCOL 


Vop —— High On 
resistance Vop 


] 
i 


eo 


High On | 
resistance 
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2. BLOCK DIAGRAM 


Swailow 
Counter 


38 


Programmable 
Divider 


VCOL O No. 


© COMO 
Enes OCOM1 
Detector 
©LCDo / POYo / KSo 
O LCD: / POY: / KS: 
LCD2 / POY2 / KS2 
LCD S LCDs / POYs / KSs 
| | 
Fea © LCDza / POEz 
Xin O— Le Divider Selector Timer © LCDzs / POEs 
© LCD2e6 / POFo 
Xout O 
oC] 


—0O LCDz27 / POF: 
aaa 
POAo / SO1 O ill 
POA: / SCKi O 44 
POA2 / SCL O a 
POA3 / SDA O ‘al I/ 
POBo / Slz O - Serial 1/O 
POB: / SO2 O au 
POB2 / SCK2 O 
POBs / Shi O-- LL 


© LCDzs / POF2 
© LCDz29 / POFs 
POCo O 
POC: 


POC2 O 
POC3 O 


a © P1Ds / FMIFC 


: aon 
Counter 
© P1D2 / AMIFC 


RAM 
320 x 4 bits 


O P1Do / ADCo 
ae ©P1D: / ADC: 
A/D a O PODo / ADC2 
onverter © POD: / ADC3 

cae © POD2 / ADCs 

© POD: / ADCs 


P1A0/FCGO 
P1Ai10 
P1A20 


P1A30 O P1Bo / CGP 


© P1B1 / PWMo 
Piero Lt TS P1Be / PWM: 


D/A 
iets Converter] | | | 
P1C20 ES O P1B3 / PWM2 
Pics © 


P2A0O P2A — 
Interrupt O INTo 
Control OINT1 
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uPD17003A INSTRUCTIONS 


INSTRUCTION SET 


INC 

MOV T DBF. © AR 
-BR GAR 
CALL GAR 

RET 

RETSK 


addr (pagel) MOV m, 1 
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LIST OF INSTRUCTIONS 


Legends 


STACK 
STACKec 
BANK 
(ROM)rc 
INTEF 
SGR 


Data memory address 

Data memory address excluding bank 
Data memory row address 

Data memory column address 
General register address 

General register column address 
General register pointer 

Register file 

Register file address 

Register file address (upper 3 bits) 
Register file address (lower 3 bits) 
Address register 

Index register 

Index enable flag 

Data buffer 

Window register 

Data memory row address pointer 
Memory pointer enable flag 
Peripheral register 

Peripheral address 

Peripheral address (upper 3 bits) 
Peripheral address (lower 4 bits) 
Program memory counter 

Stack pointer 

Stack value indicated by stack pointer 
Program counter value indicated by stack pointer 
Bank register 

Program memory data indicated by program memory counter 
Interrupt enable flag 

Program memory segment register 
Immediate data (4 bits) 

Bit position (4 bits) 

Program memory address (11 bits) 
Carry flag 

Carry 

Borrow 

Halt canceling condition 

Data memory or register address 
Data memory or register value 
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: | Machine code code 
Mnemonic | Operand Operation mage] 
code 


FC 
mf fese ee ——tewtetere 

eC er a oc 
Cc 
(M) = (M) =i 10001 fom fom foi | 
Re fe = Ge = 10 oot | om fom for | 
aw. On —i-— (cy) 10011 mi [a] 
(M) -— i, skip if not borrow ae ee 
SRtT_[w [a iphone 
(M) — i, skip if not zero oot | oma | om | oi 
(M) <— (M) AND i 10100 ome [om | i | 
(R) — (R) AND (M) | 00100 fo mn | om [or 
m. (M) — (M) OR i cree 

EN 
(R) — (R) XOR (M) 00101 pom fom | or | 
a 


if MPE=1: [(MP), (R)] — (M) 
if MPE=0: [(mH), (R)] — (M) 


if MPE=1: (M) <— [(MP), (R)] 
if MPE=0 : (M) =< [(mn), (R)] 


Gee (STACKpc) — (PC) . (PC) — (AR) aa nt ae 
@ AR (DBF) — (ROM)pc, (PC) — (STACKrc) | 

PUSH AR (SP) — (SP) —1, (STACKpc) — (AR) 00111 | 000 | 1101 | 0000 

== (AR) — (STACKrc), (SP) — (SP) +1 } 00111 | 000 1100 | 0000 


«= (PE) 
— (DBF) 
(M)n=all “17, then skip 
(M)n=all “0",then skip | nad | om 
(PC) «addr, (PC) s11— 0 
(PC) addr, (PC)s11—1 
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Add instruction 


Subtract 
instruction 


Compare 
instruction 


Logical instruction 


Transfer instruction 
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Ee code 
Operation 
Mnemonic | Operand p 
cod e 


_ = =|-E- 


(SP) —(SP)=1, — = ((PO)+1), 
addr pi addr (11 bits) 
(PC) die 0, (PC) addr 
ae (SP) — (SP) — 1, (STACK ((PC) +1) 
a Fe) 00111 jou fm 0101 | 0000 


fe (PC) — (STACKpc), (SP) <— (SP) +1 0011 | | 1110 | 0000 | 
RETSK — (PC) — (STACKpc), (SP) — (SP) + 1, skip 00111 S 1110 | 0000 
00111 100 1110 | 0000 


i = 010 


oo 


ASSEMBLER (AS17K) BUILT-IN MACRO INSTRUCTION 


Legend 

flag : One of flagl-flagn 

flagl-flagn : Flag names indicated by reserved words 
n : Number 

<> : Omission allowed 


a 
flag], ---flagn 1SnS4 | if (flag])~(flagn) =all “17, then skip 


flag], ---flagn 1SnS4 | if (flagl) ~ (flagn) =all * then skip 


(flagl) ~ (flagn) <1 
(flag]1) ~ (flagn) 0 


if (flag)="0", 
if (flag)="1", 


then (flag)<-1 & 
then (flag) —0 


<n) Stag. 
-'€< NOT Stlagn 


if description= NOT flag, (flag)—0 
if description=flag, (flag) 1 


(BANK) —n, 0SnS 2 
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uLPD17003A RESERVED WORDS 


LUST OF RESERVED WORDS 


System Register (SYSREG) 


Read 
Write 


ae Address register bit bis-bi2 
rae ive [an [ | aceite bbe 
CC 
ee a 
Poem fen Fw | Wine per 
Pix | we | rant | RAW | ter coger eh 
ee 
Pre [ruc [ oran.a | wav | Memory psiner embie fag 
Pix [MEM omen | R/W | Inde reper mide 
ns [we [en ie 
piste orc | w/w | ter venieriow 
Pee [Mew | 070" | w/w | General eter goiter 
Peer [ Mea] 0-7em | R/W | Gewerlexiser poner ow 
Pew [wew | orn | RW | Program sam word 
Paco [ric [oreno [Rw] wcome SSS 
Pemp_[ruc | oren.a | w/w | Compare fae 
rev [mic [omen [ei [Gr tae 
Pe [rue Lorena [Rw | torvte 
pine | rus [ ormne | wav | index eo fax 


Function 


26.1.2 Data buffer (DBF) 


Read/ 
Reserved word | Type Address _ Function 
Write 


DBF1 R/w | DBF bit b; to bs 
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LCD dot data register 
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LCDD14 


Oo 


LCD data register 
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General port register 


Read/ 
Reserved word | Type Address Function 
Write 
FLG 
FLG 


FLG 
FLG 


Port 0X 
Port 0X 


Port 0X 
Port 0X 
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Read/ 
Reserved word | Type Address Function 
Write 


Port 1B bit bs 
Port 1B bit be 
Port 1B bit bi 
Port 1B bit 


2A bit bs 
2A bit be 
2A bit bi 
2A bit bo 
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Register file (Control register) 


Read/ 
ra 


ta SIO2 start flag 


SIO2HIZ SO2/P0Bi select flag 


S102CK1 SIO2 clock select bit b, 


Function 


Stack pointer 


S102CK0 0 0 SIOz clock select bit bo 
IFCG 0 0 IF counter gate status flag 
ADCCMP FLG | 0.86H.0 | R ADC judge flag 

CE | FLG 0.87H.0 R CE pin status flag 
SIOICH FLG | 0.88H.3 R/W SIO: mode select flag 


Scie aos SSN Slee Me S eileias ai eie Me cie-e & aisle dele n C6:s eS 8 6 9 eis eeSin Sdldlelc ce Same Sele calaa ea eceme See mee Se se wae ta cee See Re AAS Sas SSSA Sa eee Sa See SS ok eS ew wee Se eee wwe wisn oS ee 


ee ee ee ee 


bee ee eA eae a eae eae es ac a dee ee en coe ees ecewlen deans cme cnn en deiseese ce esc eececiese oe cece chases eee see se eee sce seme ses Sess e sess se sees ss esas sees ees eee 


SIOITX FLG 0.88H.0 R/W SIO: T TX RX select flag 
0 


TMMD3 .89H.3 R/W Timer interrupt mode select flag 


oe Rien eee a ene saa we mje dee meee miemad decc.acccinic Ca ee Se esicice cis Semele se ewleed sah eee er tas BERR aR SSS 6 SSS eee See Sew eae eae se eed see eee 


Timer carry FF mode select flag 


INT: pin status flag 


INTo pin status flag 


Key source decoder enable flag 


LCD driver enable flag 


LCDEN 
POYON Port 0Y enable flag 


Sates Soesoe s eee se Ss Uaeelew ee 66.5 deen ees oe «Se eres deci tlea we de hehe ew.cs ese e sore Te eee SSS Se ea See Oehis ss ep. osmasse oe aa Reeee s ee eis sisi See Sleae se RSs renee ae es 


POXON Port 0X enable flag 


a Wise cat jerele ere a saree a erate 6 asta aes a ere Ula mhaie ee alee ae heed os Aa ere eta perereis lata Mla a menie sie 66 ope! oe slew isle S16 6 6 -S'S'S lerqree-sisie's Sis Ble SSIS SS Bae Rl sie se mie SS isiblS: Soe HSS eHeee Fee Se eo ele Seles SSS 


Port OE enable flag 


She em eb, see al ae Sle sera hepa fae S tyes es ease a me Sy al et Bile le saree! Heclmie Be ace) an ,9 0 SS wo leldogla ice iabe"S 22 Ee S.0 ek eee Sa RARE SAS aeiae ke a oe eee Gs «6S aw sin ce wes oes 


Port OF enable flag 


POFON 
IFCMD1 


IF counter mode select flag 


Sia ames a Sloe Mime eie a aie SS da ww Sioterere SS) Ss SiSieieine eS ea AIS S'S) a eee Sos 601s) aS Swe So: 52 Se eS 6 86S Sean Sew eS pe SSS ie sat clea re edie ea alee eed sis aig ete ache ee sie ee 5 


IF counter mode select flag 


awit eee aie oe eee mie eds cee cs ee eee da ce e ews ee mes eee Sol eee eee Sate ane meses § ce RR ESR eee Sees SHES De eee see ee ESS Re ORS 


IF counter ack select flag 


PW M2 enable flag 


Eo RE ee Ce ee 


ma Sista a eisiewietels ae cis size ce ae Saka c owe we ho sie eeee Sons See ee eracidiars oo tide rkae ais aaseradd ec Sra aa brererelaelcie a W636 © Sie ard /ossie ewe a hes ARS 2 A RA SS SIs Sas Se eee o See eee eels os Sew ieee eee S 


isi sa Si fei, mS ee csv ym em i fede ec, myc a aye we et ee eee we bs eca\ynye sa eierd win wisiermisiainim STo.g ole sisieialeia gies s Sela naie:d eind.d 6 sade eepe's SOAR RAMEE FERDR RODS oS Sees ese see Fas SeeSSES3ESS 


1 
CGP enable flag 
i 


So minthe Sines olin Si ace wim aithe a. macip mata aids ac een ete cies ee Sica slwally os erates, ates 


AD mode select flag (Dummy : 0) 


a RS RO RR 


Sie ee re ei else ee sie Fes oe ee ee edie See ere ee oie 2 eee nein 6 Se eee o ee ein re es Sem Sees se eee eee eee et nee ee cle te eee ee cites ces eee eee ene cena tee 


ae ne Ge asl a nee ee Ss ae ee ee a SoS e ree Shem & Sai meweeies oS Selec Se Seek edocs eelec Sams Ceoee ewe ewan es SE ewe SSS s+ SSSR SSS See TOs aes SR e See ee Bee eee EE ee 


] 
ADCCH0 FLG 0.94H.0 R/W AD mode select flag 
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Read/ 
—————— 
Write 


PLULDLY3 PLL unlock time select flag (Dummy : 0) 
PLULDLY2 PLL unlock time select flag (Dummy : 0) 
PLULDLY1 ‘ “PLL unlock time select flag 
PLULDLYO PLL unlock time select flag 


SBACK 0.98H.3 ” | SB acknowledge flag 

SIOINW T “LG 0.98H.2 i SIO; not wait flag 

SIOIWRQ1 0.98H.1 ‘ SIO; wait mode flag 

SIOIW RQO 0.98H.0 R/W SIO: wait mode flag 

IEG] 0.9FH.1 : INT interrupt edge select flag 


IEGO J 0.9FH.0 ; INTo interrupt edge select flag 


PLLAID3 0.0A1H. PLL mode select flag (Dummy : 0) 
PLLMD2 FLG | 0.0A1H. PLL mode select flag (Dummy : 0) 
PLLMDI FLG | 0.0A1H. "| PLL mode select flag 
PLLAIDO FLG |, 0.0A1H. ; PLL mode select flag 
IFCSTRT 0.0A3H. ; IF counter start flag 
IFCRES 0.0A3H.0 IF counter reset flag 


SIOISFS§ 

SIOISF9 

SBSTT FLG | 0.0A8H.1 
SBBSY | 


IPSIO1 : SIO interrupt permission flag 

IPT M 0. . : Dimer interrupt permission flag 
IPI 3 .0: . INT) interrupt permission flag 
IPO . 0: . , INT. interrupt permission flag 
PLLEPAIDS I 0.0B1H. : PLL reference clock select flag 
PLLRFMD2 fe 0.0B1H. . PLL reference clock select flag 
PLLRFMDI1 0.0B1H. \ | PLL reference clock select flag 
PLLRFMDO 0.0B1H. : PLL reference clock select flag 
PIABIO3 ; ‘ s 1 O select flag 

PIABIO2 ; . : 1-O select flag 

PIABIO1 : 1 O select flag 

PIABIOO : . : ,1O select flag 

POBBIO3 0.0B6H. : ‘1 O select flag 

POBBIO2 3 0.0B6H. : » 1O select flag 

POBBIO1 ; 0.0B6H. : : 1 O select flag 

POBBIOO : 0.0B6H. ‘ 1 O select flag 


uPD17003A 


Read/ 
Reserved word | Type Address Function 
Write 


POABIO3 POA3 I/O select flag 


POABIO2 0.0B7H. POA2 I/O select flag 


POABIOI 0.0B7H. POA: I/O select flag 


POABIOO 0.0B7H. P0Ao I/O select flag 
SIO1IIMD3 interrupt mode select flag (Dummy : 0) 


SIOIIMD2 SIO: interrupt mode select flag (Dummy : 0) 


SIOMIMD1 SIO: interrupt mode select flag 


SIOIIMDO SIO: interrupt mode select flag 
SIOICK3 SIO, shift clock select flag (Dummy : 0) 


SIOICK2 SIO, shift clock select flag (Dummy : 0) 


SIOICK1 SIO: shift clock select flag 


SIOICKO SIO: shift clock select flag 


IRQIFC can 0.0BEH.0 R/W IF counter interrupt request flag 


IRQSIO1 0.0BFH.3 SIO: interrupt request flag 


IRQTM 0.0BFH.2 Timer interrupt request flag 


IRQ] 0.0BFH.1 INT: interrupt request flag 


IRQO 0.0BFH.0 INTo interrupt request flag 
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Peripheral hardware address 


Read/ 
Reserved word | Type Address _ Function 
Write 
OFH R/W Data buffer address of GET ’PUT instruction 
R/W | Index register address of INC instruction 
R/W A D converter VREF data register 


SIO2z presettable shift register 


1 
SIOISFR ! : SIO: presettable shift register 


PW MRO | R/W | PW MO data register 
PWMRI1 
PWMR2 : PW M2 data register 

LCDRO F ‘ LCD group data register 


LCD group data register 7 


CGPR pear fn TW R/W | CGP data register 
40H R/W | Address register address of GET PUT PUSH CALL BR MOVT INC instruction 
R/W 


PLL data register 
Key source data register 


Port OY data register 


IF counter data register 
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ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (Unless otherwise specified, Ts = 25 + 2 °C) 


Source voltage Voo -0.3 to +6.0 V 
Input voltage Vi -0.3 to Voo + 0.3 V 
Output voltage Vo Excluding P1B:, to P1Bs, POA2, POAs and LPFout -0.3 to Voo +0.3 Vv 
Output withstand voltage Veos1 P1B1 to P1Bs, LPFour 18.0 V 
Output withstand voltage Veos2 POA2, POAs Voo +0.3 V 
Output absorbing current lo 10.0 mA 
Operating temperature Tope -40 to +85 a 8 
Storage temperature Taig -55 to +125 5 


RECOMMENDED OPERATING CONDITIONS 


CHARACTERISTICS SYMBOL — UNIT CONDITION 
Sourcevoltage Sourcevoltage ps [eo [es Tv PLL and CPU are operating 


Data holding voltage Pe fee Pe Quartz oscillator OFF 


Source voltage rise time ped Voo = 0 4.5 V 


Output withstand voltage EL P1B1 to P1B3, LPFour 
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DC CHARACTERISTICS (UNLESS OTHERWISE SPECIFIED, T. = -40 to + 85 °C, Vop = 4.5 to 5.5 V) 


STANDARD VALUE 


CHARACTERISTICS SYMBOL 


Source voltage Voo1 45 5.0 5.5 V 


CONDITIONS 


CPU and PLL are operating 


Source voltage Vov2 3.5 5.0 5.5 | Vv 


CPU is operating and PLL is OFF. 


Source current lop1 


CPU is operating and PLL is OFF Xin pin 
Sinc wave Input (fin = 4.5 MHz, Vin, 
Voo), 

Tex25 °C 


Source current Ipp2 


0.45 0.90 l mA 


Data holding voltage Voor1 


CPU is operating, PLL is OFF, and HALT 
Instruction is used {20 Instructions 
executed per 1 ms). 

Xs pin 

Sinc wave input 

fin 4. 5 MHz, Vin = Voo, Ta = = 25°C 


Power failure detection i timer FF, 


quartz oscillator oscillating 


Data holding voltage Voor2 


Power failure detection by timer FF, 
quartz oseillatel not esaihanng 


Data memory (RAM) holding 


Quartz oscillator not oscillating Tes 
25°C 


Data holding voltage. . Goes 2.0 55 V 

Data holding current ese a ae A 
ete “ : — ae 

Data Holding current lppr2 2 10 LA 


“Quartz oscillator not oscillating Voo = 
‘5. 0 Vv Ts 25 oe 


Intermediate level output Vomi 2.3 2.5 2.7 V 

voltage 

High level input voltage Ving 0.8 Voo Vv 
Voo 


COMo CGM; Newt e 


PO Ao, to PCAs, POBo to POBs, 
POCo to POCs, P1Ao, to P1Bs, 
P100, t to P10, CE, INTo, INT 


High level input voltage Vine 0.6 Voo V “PODe ti to POO: 
Voo 
Viv 0 i 0.2 Vv POAo to POA3, POBo to POBs, 
Voo POCo to POC3, PODo, to PODs, 
POAo, to P1C3, P1Do to P1D3, CE, INTo, 
INTs 
High level output current lou: =1.0 -5.0 mA POAct to POAs, POBo to POBs, 
POCo to POC3, PODo to PODs, 
P1Co to P1A3, P1Bo to P1As, 
Vox = Vop - ‘W 
High level output current dees -1.0 -4.0 mA LODo to Che EQOo EQ; 
Vow = Voo - WV 
Low level output current lou 1.0 7.0 mA POA t to  POAs, POBo, to POBs, 
POCo to-POC3, P1Ao, to P1A3, 
P1Co, to P1C3, P1Bo, P2Ao Vo. 1V 
Low level output current love 1.0 3.5 mA | LCDo to LCO2s EOo = El0; Vo. 1V 
Low level output current lou3 1.0 2.0 mA {| P1B: to P1B3 Vo. 1V 
Low level output current lous 1.0 10. 0 mA | POA: POA: Vo. 1V 
High level output current hia _9. 1 08 mA VCOH pull-down Vin = Voo 
High level input current lix2 a" 1 mA VCOL pull: down Vik = Voo 
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CHARACTERISTICS SYMBOL el onian ehactatanesen CONDITION 
High Level input current | we = | 0.05 | 0.13 | 0.30 | mA | PODo to PODs pull-down Vin =Voo 


output otieakcurent | mw | |_| S00 | a _| Pos Pom von 


AC CHARACTERISTICS (Unless otherwise specified, T. =—40 to +85 °C, Voo = 4.5 to 5.5 V) 


| STANDARDVALUE VALUE 
CHARACTERISTICS symao. |___STANDARDVALUE acl aiGe CONDITION 
UNIT 


Operating frequency VCOL MF mode, sine wave input 
Vin=0.3 Ve-r 


Operating frequency VCOL MF mode, sine wave input 
Vin=0.3 Ve-p 


[Spetnatenweney | tm | © | | 16 | wir | VOOLanewavelput Voso3Ver 
Smvetgrenien) [f+ 


Absolute accuracy of AD Ta= + 10 to + pe 
conversion 


REFERENCE CHARACTERISTICS 
STANDARD rad 
CHARACTERISTICS SYMBOL CONDITION 
VCOL sine wave Input 
fin=150 MHz 
Vin=0.5 VP-P 
High level output current | lon | COMo, COM: Vox=Voo-1 V 
Intermediate level wrent| ow COMo, COM: Vom=Vp0+1 V 
current 
Intermediate level output COMo, COM; Vom=1 V 
current 


Source current CPU and PLL are operating 
Voo=5 V Ta=25°C 
[Low level output current | ee ae oe oe TCOM,COM Vat 
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RECOMMENDED SOLDERING CONDITIONS 


The following conditions (see table below) must be met when soldering this product. 
Please consult with our sales offices in case other soldering process is used, or in case soldering is done under 
different conditions. 


TYPES OF SURFACE MOUNT DEVICE 
For more details, refer to our document “SMT MANUAL” (iEI-1207). 


uPD17003AGF 


Soldering process Soldering conditions Symbol 


Peak package’s surface temperature: 230 °C or below, 
Reflow time: 30 seconds or below (210 °C or higher), 
Number of reflow process: 1, Exposure limit*: None 


Infrared ray reflow 


Peak package's surface temperature: 215 °C or below, 
Reflow time: 40 seconds or below (200 °C or higher), 
Number of reflow process: 1, Exposure limit*: None 


Solder temperature: 260 °C or below, 
Wave soldering Flow time: 10 seconds or below, 
Number of flow process: 1, Exposure limit*: None 


Terminal temperature: 300 °C or below, 
Flow time: 10 seconds or below, 
Exposure limit*: None 


Partial heating method 


*; Exposure limit before soldering after dry-pack package is opened. 
Storage conditions: 25 °C and relative humidity at 65% or less. 
Note: Do not apply more than a single process at once, except for “Partial heating method”. 
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SINGLE CHIP MICROCONTROLLER 
FOR DIGITAL TUNING SYSTEM 


The uPD17005 is a 4 bit single chip CMOS microcontroller equipped with the hardware exclusively for digital 
tuning systems. 

Adoption of the uPD17000 architecture enables its CPU to directly operate the data memory, perform various 
calculations, or control the peripheral hardware with just one instruction. All instructions are single 16-bit words. 

The wPD17005 integrates input/output ports, LCD drivers, A/D converters, D/A converters (PWM output), 
clock generator ports, digital tuning 150 MHz prescalars, PLL frequency synthesizers, low pass filter (LPF) ampli- 


fiers, and frequency counters into one chip. 
With all these in one chip, the u4PD17005 provides a high performance and multi-functional digital tuning system. 
The one-time PROM (OTP) uwPD17P005 is available for evaluating the uwPD17005 program and low quantity pro- 


duction. 
The yPD17003, which contains the compressed program memory (ROM), is compatible with this microcon- 
troller. 
FEATURES 
@ Employment of the uPD17000 architecture ®@ Decimal calculation available 


® 16K byte (16 bits x 7932 steps) program memory (ROM) ® Table referencing available 
@ 432 nibble (4 bits x 432 nibbles) general purpose data memory (RAM) 
@ 4.44 us (4.5 MHz crystal oscillator) instruction execution time 
® Equipped with the PLL frequency synthesizer hardware 
Dual modular prescalars (up to 150 MHz), programmable dividers, phase comparators, charge pumps, and LPF 
amplifiers 
® Abundant peripheral hardware 
General purpose input/output ports, LCD drivers, serial interfaces, A/D converters, D/A converters (PWM out- 
put), clock generator ports, frequency counters 
® Enriched interrupt function 
External interrupt 2 channels 
Internal interrupt 3 channels 
Equipped with power on reset/CE pin reset/electrical blackout detection circuit 
® CMOS low energy requirement 
Voltage: 5V+10% 


ORDERING INFORMATION 


Order Code Package 
uPD17005GF-xxx-3B9 80-pin plastic QFP (bent lead) 


Notes on Serial interface: 
The 2-wire mode corresponds to the I2C-Bus specification from Philips. 


In case of using this interface mode note the following: 


Duties when using I2C bus system 

Purchase of NEC’s I2C bus system hardware components conveys a license under the Philips I2C patents rights 
to use this components in an |2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 


use of the I2C bus interface at the ROM code verification stage. 
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TABLE OF »PD17005 FUNCTIONS 


NAME FUNCTION 


Program memory (ROM) 16K bytes (16 bits x 7932 steps) 
Table reference area: up to 16 bits x 7932 steps 


432 nibbles (4 bits x 432 nibbles) 
Data buffer : 4 nibbles 
General register: 16 nibbles 


PSwmemseier | mb 


16 input/output ports 


General purpose data memory (RAM) 


General purpose port 8 input ports 


9 output ports (+30: LCD segment pins) 


Clock generator port (CGP) One port 
Variable duty pulse (VDP) and signal generator (SG) functions 


30 segment pins, 2 common pins, 1/2 duty, 1/2 bias, 250 Hz frame 


frequency, driving voltage Vpp, 16 segment pins shared with key 


LCD driver 


source 
All 30 segments can be used as an output port. (separatable into 4, 
4, 6, and 16 segment settings) 


2 systems (3 channels) 
8 bit 3 lines: 2 channels 
8 bit 2 lines: 1 channel 


6 bits x 6 lines (consecutive comparison by the software) 


5 channels (maskable interrupt) 
Interrupt 


Timer 


Serial interface 


External interrupt: 
2 channels (INTg pin, INT, pin) 
Internal interrupt: 
3 channels (timer, serial interface 1, frequency counter) 


2 systems 
Timer carry F/F (1, 5, 100, 250 ms) 
Timer interrupt (1, 5, 100, 250 ms) 


Power on reset (by turning on the power) 


CE pin reset (CE pin low > high) 
Electrical blackout detection 
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NAME FUNCTION 


Two types 

Direct division (VCOL pin) 20MHz MAX.) 

Pulse swallow (VCOL pin 40 MHz MAX.) 
(VCOH pin 250 MHz MAX.) 


Division 


PLL frequency Reference 12 choices by program 
synthesizer frequency 1, 1.25, 2.5, 3, 5, 6.25, 9, 10, 12.5, 25, 50, 100 kHz 


Charge pump Two independent error outputs 


Phase Unlock detection by program 


comparator Unlock F/F delay time selection 


CMOS operation amplifier 
Output voltage up to 12 V 


LPF amplifier 


Frequency measuring 
P1D3/FMIFC pin 0.1 to 1 MHz 
Frequency counter P1D2/AMIFC pin 5 to 15 MHz 
External gate width measuring 
POA,/FCG pin 


Power voltage 5V +10% 


Package 80-pin plastic QFP 
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uPD17005 CONCEPT DIAGRAM 
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1. PINS 
1.1 


POC1O 

POCO O 
POA3/SDA O 
POA2/SCL O 
POA1/SCK1O 
POAQ/SO10 
POB3/SI1 0 
POB2/SCK20 
POB1/SO20O 
POB)Q/SI2O 
INT1O 
INTQO 

CEO 

P1A30O 
P1A20 
P1A10 
P1AQ/FCG O 
P1B3/PWM2 0 
P1B2/PWM 1 © 
P1B1/PWMgo 
P1Bo/CGP O 
P1C30 

PICI 0 

PICs. © 


N 
RPO 


Nii— ay =—f | .f | —-T ft -— 


PIN CONFIGURATION (Top View) 


N OO SF 
Oo O OVO 
Q0a0a0a 
q{I<¢tq€ 
nooen 
ooqadaadadaa 
oOo oO oOo od © 
aqdceaaa 
O Ooo Od 


CMOS 
Group |/O 


N-ch open drain 
Bit 1/0 


Bit 1/O 


Ei 
on 
LS | 
LS] 
8 | 
3 | 


O OO OO OVO 
ome) - Oo 
SLEDS 
a@s22a2ad 
kgm 
eAa A 
Oo QO = = 
—- -—- Aa Qa 
a0 


or nN mMotw © 
ANnNNnNNnNNnNN WN 
¥¥ MY MMMM 
© SH ANHtHS 
O>>+>+ >> >> 
Qo0o0o00 000 0 
qaaqaqe daeaqeaaa 
— Ss SS Ss, SS SS SS AS 
MOF NM St YO O 
aaaaana a 6 
oO 0 90 CO OO OO © 
af oa ooo aS 
Oodgqqgqagooand ad Qd 


O LCD7/PO0Y7/KS7 
O LCDg/POYg/KSg 
O LCDg/POYg/KSg 


BiG iSiGicic 


OSS aISlela 
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LPFINO 
LPFOUT © 


VLPF O 


fom mo) 
iS) 


ol 
~N 


o 
oa 


+ oO 
G/B) 6/6/6/6/6/6| 8/6) 8/G/ E/E) E/E E/EjE|E/Eie|eie 
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5 


= 


qn 
jo) 


py 
Ww 


LCD109/POY 10/KS10 
LCD 11/POY11/KS14 
LCD 12/POY12/KS12 
LCD 13/POY73/KS13 
LCD 14/POY14/KS14 
LCD15/POY15/KS15 


LCD16/POXo 
LCD17/POX4 
LCD1g/POX2 
LCD 19/POX3 
LCD29/POX4 


LCD921/POX5 
LCD29/P0Eg 
LCD93/POE 
LCD24/POE2 


LCD25/POE3 
LCD26/POF 9 
LCD 27/POF 4 
LCD28/POF2 
LCD99/POF3 
COMg 

COM, 

P2A9 


VDD2 


uPD17005 


1.2 PIN DESCRIPTION 
ae | sro. wureut | FORMAN rm nae 
SYMBOL PIN NAME 
OUTPUT | FORMAT 


CMOS 
push/pull 


DESCRIPTION 


4 bit general purpose input/output port pins. 


Specify input or output in 4-bit units. (Group !/O) 

Specify input/output by the register file’s POCGPIO register 
(address 27H). 

To read the input data or to set the output data, use the 
port register’s POC register (BANKO address 27H). 

These pins are set as an input port during power resetting, 


clock stop instruction execution, and CE resetting. 


Pins function both as a 4-bit general purpose input/output 


port and serial interface. 
To switch from an input/output port to serial interface, use 
the register file's S}IO1MODE register (address 08H) and the 
SIO2MODE register (address 02H). 


(1) When used as an 4-bit input/output port: 

Specify input or output in 1-bit units (bit 1/O). 

To specify input/output, use the register file’s POABIO re- 
gister (address 35H). 

To read the input data or set the output data, use the port 
register’s POA register (BANKO address 70H). The POA3/ 
SDA and POA2/SCL pins require external pull up resistance 
because they are N-ch open drain. These pins are set to an 
input port during power resetting, clock stop instruction 


execution, and CE resetting. 


N-ch 


open drain 


POA3/SDA 
POA2/SCL 


(2) When used as a serial interface: 


There are two serial interface lines: serial interface 1 and 


Input/ Port OA 


output serial interface 2 including the Port OB (7 to 10 pins). 


CMOS 
push/pull 


POA1/SCK1 
POAQ/SO1 


The serial interfaces 1 and 2 can be used together at the same 
time. The serial interface 1 has 2 channels of 2 line and 3 
line, and the serial interface 2 has 1 channel of 3 line. 

To specify the serial interface 1, use the register file SIO1 
MODE register; to specify the serial interface 2, use the 
register file S}SO2MODE register. The following are the pin 


functions. 


N NAME OPERATING 
PI FUNCTION MODE 


2 lines 
POA2/SCL Clock input/output 


POBO/SI2 Data input 


Serial 


inter- 
face 1 


Serial 


inter- 


face 2 
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POA3/SDA 
POA2/SCL 
POA4/SCK4 
POAQ/SO4 


7 POB3/SI4 
8 POB | 
2/SCK2 nput/ CMOS er 
9 POB1/SO2 output push-pull 
10 POBO/SI2 
INT4 
Interrupt 
INTo 
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SYMBOL stile leer PIN PINNAME: DESCRIPTION 
OUTPUT | FORMAT 


The POA3/SDA and POA2/SLC pins require external pull 
up resistance because they are N-ch open drain. 


These pins are set as an input port of the general purpose 


input/output port during power on resetting, clock stop 


instruction execution, and CE resetting. 


Pins function both as a 4 bit general purpose input/output 


port and serial interface. 


To switch from input/output port to serial interface, use 
the register file’s SIO1MODE register (address O8H) and the 
S!IO2MODE register (address 02H). 


(1) When used as an 4-bit input/output port: 

Specify input or output in 1-bit units (bit 1/O). 

To specify input/output, use the register file’s POBBIO 
register (address 35H). 

To read the input data or set the output data, use the port 
register’s POA register (BANKO address 71H). 

These pins are set as an input port during power resetting, 


clock stop instruction execution, and CE resetting. 


(2) When used as an serial interface: 


There are two serial interface lines: serial interface 1 and 


serial interface 2 including the Port OA (3 to 6 pins). 


These pins are set as an input port of the general purpose 


input/output port during power resetting, clock stop instruc- 
tion execution, and CE resetting. 


Input pins for external interrupt request signal 
Interrupt requests are issued at the rising or falling edge of 
the signal input through these pins. To specify the rising or 
falling edge, use the register file’s INTEDGE register (address 
1FH), INTg pin, or INT pin. Interrupt requests are not 
accepted unless permitted (maskable interrupt). 

The El instruction permits all interrupts, and the INTg pin 

or INTq pin separately also gives permission. To give inter- 
rupt permissions, use the register file’s INTPM2 register 
(address 2FH). Interrupt requests are accepted if permitted. 
Interrupts accepted by the INTQ pin shift the flow of the 
program to address 05H, and interrupts accepted by the 

INT 4 pin shift the flow of the program to address 04H. 
Interrupts accepted by the INTg pin are executed before 
interrupts accepted by the INT pin, if issued simultaneously. 
The issuer of the interrupt request can be checked by the 
register file’s INTREQ2 register (address 3) even when the 
interrupt is not accepted. 

The register file’s INTJDG register (address OFH) checks 

the status of these pins and assigns them as a general pur- 


pose input port while the interrupt function is not being 
used. 
These pins are set as an input port during power resetting, 


clock stop instruction execution, and CE resetting. 


uPD17005 


14 P1A3 

15 P1A2 Input/ 
16 P1A4 output 
17 P1AQ/FCG 


INPUT/ 


SYMBOL 
OUTPUT 


OUTPUT 
FORMAT 


CMOS 
push-pull 


PIN NAME DESCRIPTION 


Chip 
enables 


Port 1A 


Input pin for device selection signal or reset signal 


Device selection is selecting PLL actions or standby status 


as described below. 

The PPL frequency synthesizer is enabled when the CE pin 
is set to high. 

The PPL frequency synthesizer is disabled when the CE pin 
is set to low. 

When the CE pin is set to low, the CPU and the internal 
crystal oscillation circuit are disabled by the clock stop 
instruction execution and the data memory is retained by 
the low energy requirement current (up to 15 uA). (when 
the CE pin is set to high, the clock stop instruction is exe- 
cuted as the NOP instruction.) During the clock stop in- 
struction execution, the LCD driver display mode is turned 
off (LCDg to LCD27, COMg, COM} pins set to low) and 
the input/output ports (Port OA, Port OB, Port OC, Port 1A) 
are set as input ports. 

The CE pin functioning as a reset signal input pin is describ- 
ed below. 

When the CE pin is reset to high from low, the internal timer 
carrier F/F synchronizes and resets the device. When the 
device is reset, the flow of the program shifts to address 0 
and the input/output ports become input ports. The time 
required from pin resetting to device resetting can be selected 
from 1, 5, 100, 250 ms, which are offered by the carrier F/F. 
However, when the clock stop instruction is executed, the 
device will be reset 100 ms after the CE is reset to high. 
This pin does not accept anything lower than 110 us or any- 
thing higher than 165 us in order to prevent mis-operation 
caused by noise. For this reason, the content of the register 
is not updated. Also, to detect the pin status, use the regis- 
ter file’s CEJDG register (address 07). 

This pin features Schmidt trigger input with the hysteresis 
characteristics. Do not apply voltage higher than the Vpp 


pin when turning on the power. 


Pins functioning both as a 4-bit general purpose input/out- 
put port or external gate counter (P1AQ/FCG pin). 

To switch from an input/output port to external gate 
counter, use the register file’s |FCMODE register (address 
12H) and the SIO2MODE register (address 02H). 


(1) When used as a 4-bit input/output port: 

Specify input or output in 1-bit units (bit |/O). To specify 
input/output, use the register file’s P1A register (address 
35H). 

To read the input data or set the output data, use the port 
register’s P1ABIO register (BANK1 address 70H). 

These pins are set as input ports during power resetting, 


clock stop instruction execution, and CE resetting. 
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SYMBOL aeely eee PIN NAME DESCRIPTION 
OUTPUT | FORMAT 


u.PD17005 


When using as an external gate counter (FCG) 
(P1AQ/FCG pin): 
These pins measure the time interval between two rising 
edges of the P1Ao/FCG pin. To measure the internal refer- 
ence frequencies (1 kHz, 100 kHz, 900 kHz), use the 16-bit 
counter. 
P1A3 To specify the external gate counter, use the register file’s 
PIAS finns CMos — amie (address 12H) and |FCCONT register 
P1A4 output push-pull : 
P1AQ/FCG To set the P1A0/FCG pin as an input port, use the P1IABIO 
register (BANKO address 35H). 
Use the external gate counter, frequency counter and clock 
generator port separately, because the |FCMODE register 
and IFCCONT register also control the frequency counter 
(P1D3/FMIFC and P1D2/AMIFC pins) and the clock gen- 
erator port (P1Bo/CGP pin). 
These pins are set as input ports during power on resetting, 
clock stop instruction execution, and CE resetting. 


Pins functioning as a 4-bit general purpose input/output 
port, D/A converter (P1B2/PWM2, P1B2/PWM1, and 
P1B1/PWMpo pins), and clock generator port (P1Bo/CGP 
pin). 


To switch from an input/output port to D/A converter or 
to clock generator port, use the register file’s PWMMODE 
register (address 13H). 


(1) When used as a 4-bit input/output port: 

To set the output data, use the port register’s P1B register 
(BANK1 address 71H). 

The P1B3/PWM2, P1B2/PWM}4, and P1B1/PWMo pins re- 
quire pull up resistance because they are for open drain 
output (up to 16 V). 


The data output during power resetting is unstable. The 


P1B3/PWM2 
P1B2/PWM4 
P1B1/PWMo 


N-ch previous values are retained during clock stop instruction 
open drain 


execution or CE resetting. 


Output Port 1B 


(2) When used as a D/A converter (PWM output) 

(P1B3/PWMg2, P1B2/PWMy1, and P1B4/PWMg pins): 
The P1B3/PWM2, P1B2/PWM1, and P1B1/PWMpo pins 
separately output signals. 


CMOS 
push-pull 


P1Bo/CGP 


The output format has a pulse width modulation (PWM) to 
878.9 Hz (225/256 kHz) frequency and 0.25/0.26 to 
255.25/256 duty (256 gradations). 

To set the duty, use the PWMRO to PWMR2 register 
(address 05 to 07) via the data buffer. 


0.25+ X 
0.254% = = 010 255 
256 Bte2b! 


These three pins are for N-ch open drain output and with- 


(Duty = 


stands up to 16 volts. 
These pins are set as a general purpose output port during 
clock stop instruction execution. 


The status of these pins functioning as a D/A converter out- 


put is retained during CE resetting. 
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INPUT/ | OUTPUT 
SYMBOL PIN NAME DESCRIPTION 
OUTPUT | FORMAT 


(3) When used as a clock generator port (CGP) 
(P1Bo/CGP pin): 

To set the P1Bgo/CGP pin to CGP mode, use the register 

file’s PWMMODE register (address 13H) and IFGMODE 

register (address 12H). 

The CGP mode has VDP (variable duty pulse) and SG 

(signal generator) functions. 

The VDP function outputs 269 Hz frequency duties at 64 

gradations from 2/67 to 65/67. 

P1B3/PWM2 N-ch The SG function divides and outputs the standard 18 kHz 

P1B2/PWM4 open drain frequency by 4 to 130 (64 gradations). 

P1B,/PWMo | Output Port 1B To set the data for VDP and SG functions, use the CGPR 


CMOS register (address 20H) via the data buffer. 


P1 GP h-pull 
Bo/C push-pu 2ex 


67 


18 kHz 
2 (2+ X) 


VDP duty X =O0to 63 


SG divider = 


The P1Bo/CGP pin is set as a general purpose output port 
during clock stop instruction execution and power resetting. 
The status of these pins functioning as a clock generator 


port output is retained during CE resetting. 


4-bit general purpose output ports. 

To set the output data, use the port register’s P1C register 
Output CMOS (BANK1 address 72). 

push-pull The data output during power resetting is unstable. The 
previous values are retained during clock stop instruction 


execution or CE resetting. 


Pins functioning as a 4-bit general purpose input port, fre- 
quency counter (P1D3/FMIFC, P1D2/AMIFC pins) and 

A/D converter (P1D4/ADC 1, PADg/ADCog pins). 

To switch from input port to frequency counter, use the 
register file's |FCMODE register (address 12H). 

To switch from input port to A/D converter, use the register 
file’s ADCCH register (address 14H). 


(1) When used as a 4 bit input/output port: 
To read the input data, use the port register’s P1D register 
(BANK1 address 73H). 


P1D3/FMIFC (2) When used as a frequency counter: 


P1D2/AMIFC To use the P1D3/FMIFC and P1D2/AMIFC pins as a fre- 
P1D4/ADC4 Input Port 1D quency measuring pin, use the register file |FCMODE register. 
P1D9/ADCo The measurable frequency bands for the P1D3/FMIFC pins 
are 5 to 15 MHz (0.3 Vp-p input) and 0.1 to 1 MHz (0.3 
Vp-p input) for the P1D2/AMIFC pin. 

To measure, count the frequencies input in the gate time 

(1 ms, 4 ms, 8 ms, open) by the 16 bit counter. The P1D3/ 
FMIFC pin counts the values divided by 1/2, Interrupt 
requests can be issued after the measuring is completed 

(when the gate closes). 

These functions can be utilized for detecting broadcasting 
stations by counting the intermediate frequencies. 


When used as a frequency counter, cut DC input signals by 


the condenser because the AC amplifier accepts inputs only. 
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P1D3/FMIFC 
P1D2/AMIFC 
P1D4/ADC4 
P1D9/ADCg 
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The intermediate voltage of the selected pins are set to 


approx. 1/2 Vpp. Non-selected pins are used as a general 


purpose input port. Initialize the AC amplifier by program- 


ming as necessary, because it is not disabled by resetting the 
CE pin (No. 13) to low. (Noise from the active amplifier 


may increase the current consumption.) 


Use the frequency counter, external gate counter, and clock 
generator port separately because the IFCMODE register 
specifies the external gate counter (P1AQ/FCG pin) as well 
as the clock generator port (P1Bg/CGP pin). These pins are 
set as a general purpose input port during power resetting 


and clock stop instruction execution. 
These pins continue acting as a frequency counter during CE 
resetting. 


(3) Used as an A/D converter 

(P1D4/ADC1, P1D9/ADCo pin): 
To use these pins as a 6-bit A/D converter, use the register 
file’s ADCCH register (address 14H). 
Up to six channels can be switched for the P1D4/ADC4, 
P1D9/ADCo pins as well as the POD3/ADCs5 to PODg/ADC2 
pins (75 to 78 pins). 
Use the consecutive comparison by programming to convert 


from A to D and reference voltage is created by R string 


method, in which the power voltage is divided up. 


These pins are set as a general purpose input port during 


power resetting and clock stop instruction execution. 


These pins continue acting as an A/D converter during CE 


resetting. 


Device power pin. 
These pins supply 5 V +10 % voltage to the CPU and peri- 
pheral functions under operation. These pins lower the 

voltage to 3.5 V if the CPU alone is being operated. When 
the CE pin (No. 13) executes the clock stop instruction at 


low, the crystal oscillator stops oscillation and enters the 


data memory backup state. During this time, the power 


voltage is lowered to 2.2 V. 


When the power voltage rises from 0 to 4.5 V or when the 


power voltage falls below 3.5 V (2.2 V for clock stop instruc- 


tion) and rises to 4.5 V, the device enters the power resetting 


state. 


After power resetting, the peripheral circuit, system register, 
and register files are initialized, and the program starts from 


address 0. The power voltage rising time from 0 to 4.5 V 
should be up to 500 ms. 
In addition to power on resetting, just explained, the CE 


pin also resets the device (CE pin low — high). Electric 


blackouts can be detected by detecting the timer carrier 


F/F values of the register file, which are different during 


power resetting and CE resetting. 
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INPUT/ OUTPUT 
SYMBOL PIN NAME DESCRIPTION 
OUTPUT | FORMAT 


Vpp1 _ _ 
VDD2 


Oscillation 
low input 


Oscillation 
high input 


Ground 


Le oe 


XOUT Crystal 


XIN oscillator 


Do not apply a voltage higher than the Vpp pin to the rest 
of the pins. Pay special attention to both Vpp pin and CE 
pin rising simultaneously, otherwise resulting in latch up. 
Always connect the Vpp1 and Vpp2 pins to the same 
potential. The Vppg pin supplies power to the crystal 
oscillation circuit (Xjjyy and XQUT pins), error out circuit 


(EOg and EQ} pins), and low pass filter circuit (LPF)jy and 


LPFouT pins); the Vpp1 pin supplies power to all other 


parts. 


Pin for entering PLL oscillation frequency (VCO). 


To specify one of the two division methods, direct division 
(MF mode) and pulse swallow (HF mode and VHF mode), 
use the register file’s PLLMODE register (address 21H). 
The following shows the input pins, input frequencies, and 
division ratios for each division methods. 


Division Input Input Division 
method frequency voltage ratio 


Direct 
division 
MF mode 
Pulse 


swallow 
HF mode 


Pulse 
swallow 
VHF mode 


Cut DC input signals by the condenser because these pins 
accept AC amplifier inputs only. The pin specified by the 
PLLMODE register is set to intermediate voltage (approx. 
1/2 Vpp). The pins that are not specified are internally 
pulled down. These pins are internally pulled down during 
PLL disabled and low CE pin states. 

These pins disable the PLL during power on resetting and 
clock stop instruction execution. 

These pins enter the PLLMODE register specified state 
during CE resetting. 


Device ground pin 


Crystal oscillator 
The following shows the method for connecting the 4.5 MHz 


crystal oscillator. uPD17005 


XOUT XIN 
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OUTPUT | FORMAT 


The crystal oscillator in use determines the values of C1 and 
C2. Large C1 and C2 values degrade the oscillation start 
characteristic and increase the consumption current. 
Although the trimmer condenser connected to the Xjj pin 
is generally considered to adjust wider range of oscillation 
frequencies, it is recommended that it be connected to the 
Rout Output Crystal crystal oscillator in use for a better ome cae If . 
: probes are connected to the XQuT pin or Xin pin, the oscil- 
XIN Input oscillator ; ; ‘ . 
lation frequencies cannot be adjusted correctly owing to 
probe capacitance. 
Thus, adjust while measuring the LCD driving waveform 
(125 MHz) of the number of VCO oscillation frequencies. 
When the oscillation frequency is off the 4.5 MHz setting the 
oscillation frequencies of the internal timer and LL reference 
frequency are also off in the same proportion because they 
employ a divided 4.5 MHz. 


36 EQ; CMOS 3 
37 EOo state 
on N-ch LPF 
39 . wz 
open drain amplifier 
40 


Output pin for PLL frequency synthesizer charge pump. 
These pins output high level when the divided VCO fre- 
quency input through the VCOL pin (No. 31) and VCOH 
pin (No. 32) is higher than the reference frequency; these 
pins output low level when the divided VCO frequency input 
through the VCOL pin (No. 31) and VCOH pin (No. 32) is 
lower than the reference frequency. 


These pins are set to floating when the divided VCO fre- 
quency matches the reference frequency. 

To construct the PLL frequency synthesizer, use the exter- 
nal low pass filter (LPF) and apply these pin outputs to the 
voltage control oscillator (VCO). 

The EQ, pin and EQ9 pin output the same signals, so use 
either pin. 

These pins are set to floating during PLL disabled state, i.e., 
during low CE pin (No. 13) or power resetting. 

To detect the PLL unlock state, use the register file’s 
PLLULJDG register (05H). To select one of the four delay 
times (0.5 us, 1 ws, 2 us, disable) for PLL unlock state detec- 
tion, use the register file’s PLULDLY register (address 15H). 


Low pass filter (LPF) CMOS operation amplifier built-in pin. 
The following is the example of a pin internal equivalent 
circuit and application circuit. 
uPD17005 


LPF 
LPFiIN LPFOUT VLPF | power 


SOURCE 


TO FMVCO 


TO AMVCO 


I 
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INPUT/ | OUTPUT 
SYMBOL PIN NAME 
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Input 
Output 


LPF 
amplifier 


N-ch 
open drain 


CMOS 
push-pull 


Port 2A 


COM, 


LCD 29/POF3 
to 
LCD 26/POF9 


LCD 25/POE3 
to 
LCD29/POEg 


LCD 21/POX5 
to 
LCD46/POXg 


LCD 45/ 
POY 15/KS15 
to 
LCDo/ 
POY9/KSo 


Common 


Output CMOS 


signal 


LCD 
CMOS 
Output segment 
push-pull ; 
signal 


DESCRIPTION 


The LPFouT pin requires pull up resistance because it is for 
N-ch open drain output. It withstands voltage up to 16 V. 
Apply a voltage, which is higher than that applied to the 
LPFoOuT pin, but not exceeding 16 V, to the Vi pF pin. 

The LPFoyT pin is internally pulled up during PLL disabled 
state. 


1 bit output port pin. 
To set the data, use the port register’s P2A register (BANK2 
address 70H). 

The data output during power on resetting is unstable. 


The previous output values are retained during clock stop 


instruction execution and CE resetting. 


Output pin for LCD driver common signal. 
The LCD driver has 1/2 duty, 1/2 bias, a 250 Hz frame fre- 
quency, and Vpp driving voltage. 

Up to 60-dot display can be done by matrix with the LCDo/ 
POYQ/KSg to LCD29/POF 3 pins. 

These pins output three voltages: ground, 1/2 Vpp, and 
Vop. 

Dots light up when +Vpp potential difference is generated 
between these pins and LCDg/POYQ/KSg to LCD29/POF3 
pins. These pins output low during power resetting and 


clock stop instruction execution, provided that the display 
mode was turned off by the register file's LCDMODE register 
(address 10H). The output status of these pins is retained 

during CE resetting, provided that the display mode is turned 


on. 


Pins functioning as LCD driver segment signal output pins 
(LCD29/POF3 to LCDg/POYQ/KSo pins), key matrix source 
signal output pins (LCD15/POY 15/KSo to LCD9/POY9/KSo 
pins), and general purpose output port (LCD 29/POF3 to 
LCDo/POYQ/KSog pins). 

To switch from segment signal to key source signal or to 


general purpose output port, use the register file LCOMODE 
register (address 10H) or the LCDPORT register (address 
11H). 


(1) When using as an LCD driver segment signal output pin 
(LCD29/POF3 to LCD9/POYQ/KSg pins): 

The LCD driver has a 1/2 duty, 1/2 bias, and 250 Hz frame 

frequency (125 Hz segment signal output). Up to 60 dot 


display can be done by matrix with these segment signal 
output pins and COMg pin and COM} pin (No. 44 and 43). 
Dots light up when +Vpp potential difference is generated 
between these pins and LCDg/POY9/KSg to LCD29/POF3 
pins. To set the LCD driver display data, use the LCD dot 
register (BANKO address GOH to 6EH), or the LCD group 
register (address O8H to OFH) via the data buffer. To turn 
the LCD driver display on or off, use the register file’s 
LCDMODE register. When the display mode is turned off, 
these segment signal output pins are set to low. But the 


pins, which are specified as a general purpose output port 
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LCD29/POF3 
to 
LCD ¢/POF9 


LCD25/P0E3 
to 
LCD22/POE9 


LCD21/POX5 
to 
LCD16/POX9 


LCD45/ 

POY 45/KS15 
to 

LCDo/ 

POYo/KSo 


INPUT/ | OUTPUT 
SYMBOL 


CMOS 
Output 
push-pull 


uPD17005 


DESCRIPTION 


by the register file’s LCDPORT register, output the output 
port data regardless of the display mode. These pins output 


low during power resetting and clock stop instruction execu- 
tion. 

The output status of these pins are retained during CE 
resetting, provided that the display mode is turned on. 

The LCD45/POY 15/KS15 to LCD9/POY9/KSg pins can 
output both the segment signal and key source signal of the 
16 key matrix at the same time. 


(2) When using as a key matrix source signal: 
To set these 16 LCD15/POY15/KS15 to LCD9/POYg/KSg 
Pins as a key source signal output pin, use the register file's 
LCDMODE register. 

The key source signals are output with the LCD segment 


signals by time division. (Key source signal output time: 

220 us). 

To use the key source signal, set the POD3/ADCs, to PODg/ 
ADC? pins as a key return signal input pin (No. 75 to 78). 
Therefore, the key matrix with 16 key sources and four 
input keys is configured. Key source signals are output 

every 4 ms. To set the output data of the key source signal, 
use the key source register (address 42H) via the data buffer. 
The key source signal is not output when the LCD driver 
display mode is turned off (the segment signal output is low) 
or when these pins are set as a general purpose output port. 
The key source signal is not output during power on resetting 
and clock stop instruction execution. 

The output status of these pins are retained during CE reset- 
ting. 


(3) 
The following table shows how to set these pins as an output 
port using the register file’s LCDPORT register (address 

11H). 


When used as an output port: 


to 
LCD26/POFo 


LCD25/POE3 
to 
LCD29/PO0Eg 


LCD21/POX5 
to 
LCD16/POX9 


LCD15/POY15/KS15 
to 
LCD9/POY9/KSg 
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OUTPUT 


INPUT/ 
SYMBOL 
OUTPUT 


LCD29/POF3 
to 
LCD2¢/POFo 


LCD25/P0E3 
to 
LCD 29/POE9 


CMOS 
push-pull 


LCD24/P0X5 
to 
LCD16/P0OXo 


Output 


LCD45/ 
POY 45/KS15 
to 
LCDo/ 
POY/KSo 


75 POC3/ADCs5 
76 | POC2/ADC4 
77 POC;/ADC3 
78 | POCo/ADC2 


Input with 
Input 
pull down 


LCD 
segment 
signal 


Port OC 


PIN NAME DESCRIPTION 
FORMAT 


The Port OF, Port OE, Port OX, and Port OY can be specified 
separately as an Output port, otherwise they function as an 
LCD segment signal output pin. The following table shows 
how to set output data in each port. 


Port name Output data setting 


POF register (BANKO address 6DH) also 
Port OF functions as the LCD dot register’s LCDD 


13 register. 


POE register (BANKO address 6BH) also 
functions as the LCD dot register’s LCDD 
11 register. 


Port OE 


POXH, and POXL registers (BANKO ad- 
dress 69H and 68H) also function as the 
LCD dot register’s LCDD 9 register and 
LCDD 8 register, respectively. To set the 


Port OX 


output data, use the POX group register 
(OCH) via the data buffer. 


To set the output data, use the POY 
Port OY 


group register (42CH) via the data buffer. 


These pins are set as a segment signal output pin and thus 
output low level during power resetting and clock stop 
instruction executica. 

The previous output status is retained during CE resetting. 


Pins functioning as a 4-bit general purpose input port and 
A/D converter input pin. 

To switch from the input port to A/D converter, use the 
register file’s ADCCH register (address 14H). 


(1) When used as an input port: 

To read the input data, use the port register’s POC register 
(BANKO address 72H). 

The POC3/ADCs to POCg/ADC2 pins have a built-in pull- 
down resistance enabling them to be used as a key return 
signal input pin of the key matrix. To use the LCD segment 
pin as the key source, turn off the pull-down resistance 
during key source signal output (220 us), and turn on the 
pull-down resistance during segment signa! output (220 us). 
Always keep the pull-down resistance on when the LCD 
segment pin is not used as the key source. 

Turn off the pull-down resistance of the pin set as an A/D 
converter by the register file’s ADCCH register. 


(2) When used as an A/D converter: 

To set these pins as a 6 bit A/D converter, use the register 
file's ADCCH register (address 14H). 

Use the consecutive comparsion by programming to convert 
from A to D. The reference voltage is created by the R string 
method, in which the power voltage is divided up. 

Up to six channels can be switched for the POC3/ADCs to 
POCg/ADC?2 pins as well as the P1D1/ADC 1, P1D9/ADCg 
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INPUT UTPUT 
SYMBOL Ae PIN NAME DESCRIPTION 
OUTPUT | FORMAT 


pins (No. 28 and 29). To specify the desired channel, use the 
register file’s ADCCH register. The other five channels func- 
tion as general purpose input ports. 
75 POC3/ADCs5 P , ee 
; The pull-down resistance built-in POC3/ADCs to POCg/ADC2 
76 POC2/ADC4 Input with 


Input Port OC ins are equi with a pull-down resistance. When these 
77. | PO0C/ADC3 . pull down ‘i emacs i 


78 POCo/ADC2 


Pins are set as an A/D converter input pin by the ADCCH 
register, the pull-down resistance is turned off. 

The A/D converter pins are re-specified to the general pur- 
pose input port during power resetting and clock stop in- 
struction execution, 

These pins function as an A/D converter during CE resetting. 
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1.3 NOTES ON USING GENERAL PURPOSE PORT 
1.3.1 Port register data bit 
To read the input data or set the output data in the Port 0A, Port OB, Port OC, Port OD, Port 1A, Port 1B, Port 
1C, Port 1D, and Port 2A, use port registers (POA to P2A register) in the data memory. 
The POA3 pin and the POAg pin of the Port OA correspond to the most significant bit and the least significant 
bit of the port register POA, respectively. 
The same rule applies to the Port OB, Port OC, Port OD, Port 1A, Port 1B, Port 1C, Port 1D, and Port 2A. 
To set the output data in the Port OE, Port OF, Port OX, and Port OY, use the LCD group register via the LCD 
dot register or the data buffer in the data memory. 
1.3.2 Input/output ports (Port 0A, Port 0B, Port OC, Port 1A) 
(1) When a port is specified as an input port: 
Execute the instruction to read the contents of the port register in the data memory (provided that the port 
register address is defined as m of the SKT m, #i instruction or ADD r, m instruction). The port pin status is 
stored as the port register value. Execute the instruction to write in the port register (provided that the port 
register address is defined as m of the MOV m, #i instruction or r of the ADD r, m instruction), and the values 
are written in the output data latch circuit. 
(2) When a port is specified as an output port: 
Executes the instruction to write in the port register. The values are written in the output data latch circuit and 
output through each pin. Execute the instruction to read the contents of the port register. The output data 
latch content is stored as the port register value. However, when the read instruction is executed through the 
POA3/SDA and POA2/SCL pins, the pin status is read and different data may be output. 
These pins are set as an input port during power resetting, CE resetting or clock stop instruction execution. 
Write the output latch content, which becomes unstable during power resetting, in the port register before 
setting it in the output port, otherwise the output data will be unstable. The output data latch content is not 
updated during clock stop instruction execution or CE resetting. 
1.3.3 Output ports (Port 1B, Port 1C, Port OF, Port OE, Port OX, and Port OY) 
Output ports write port register values in the output latch and outputs them through the pins. 
Execute the instruction to read the port register value. The latch status is stored as the port register value. 
The data output during power on resetting is unstable. 
The previous output data is retained during CE resetting or clock stop instruction execution. 
The Port OE, Port OF, Port OX, and Port OY automatically output low level during power on resetting or clock 
stop instruction execution. 
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1.4 PIN EQUIVALENT CIRCUITS 


1.4.1 POA (POA;/SCK;, POAg/SO) 
POB (POB3/SI,, POB2/SCK2, POB;/SO2, POBo/S!,) 
P1A (P1A3, P1Az, P1A;, P1Ao) 


(Input/output) 


1.4.2 POA (POA3/SDA, P0A2/SCL) 


(Input/output) 


|---~- 


1.4.3 POC (POC3/P0C2, POC,, POCo) 
P1B (P1Bo/CGP) 
P1C (P1C3, P1C2, P1C,, P1Co) 
P2A (P2Ao) 
LCDp/POYo/KSo to LCD29/POF3 


+ 7 (Output) 
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1.4.4 P1B (P1B3/PWM2, P1B2/PWM,, P1Bp/PWMo) 


|-—-— - (Output) 


1.4.5 POD (POD3/ADCs, POD2/ADCy, POD,/ADC3, POD9/ADC>) 


A/D converter 


— (Input) 


High on resistance 


1.4.6 P1D (P1D,/ADC,, P1D9/ADCo) 


A/D converter 
— (Input) 


1.4.7. P1D (P1D3/FMIFC, P1D2/AMIFC) 


— 
General purpose port 
FE | 
(Input) 
5 
Ear 
TE 


re 


ne 
t 


Frequency counter 
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14.8 CE 
INT, 
INTo 


(Hysteresis input) 


1.4.9 Xour. Xin 


(Input) 


Frequency counter 


XOUT O 


1.4.10 EO, EOo 


(Output) 
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1.4.11 LPFin, LPFout. ViprF 


LPFinN 
© 


1.4.12 COM,, COMo 


1.4.13 VCOH 
VCOL 


ToT | TOT 
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LPFOQUT 
O 


(Output) 


(Input) 
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2. BLOCK DIAGRAM 


7 ne A 
VCOH ©- No wallow _ 


©) 
7 Counter a aa a 
Fae Programable 
VCOL O & O Divider 
CPU Clock Tiel 


Phase O COMO 
© COM) 
Detector 
O LCD0/KSo/POYO 
OQ LCD1/KS1/POY 1 
© LCD2/KS2/POY2 
Driver 
© LCD24/POE2 
XIN O Divider Slector Timer O LCD25/P0E3 
joe © LCD26/POFO 
O LCD27/PO0F 1 
© LCD28/POF2 
Tf © LCD29/P0F3 


re 
© 


x< 
Oo 
Cc 
4 


|] 
ae 
U 
jo) 
> 


| | 
lil We O 4 © P1D3/FMIFC 
IF 
ee aS nsee Counter 
POA1/SCK1 O io 
ere 432 x 4 bits O P1D2/AMIFC 
iil Serial |/O 
POBO/SI2 O a 
POB1/SO2 OT SYSREG. 
POB2/SCK2 O an 
POB3/SI1 O 
—) O P1D0/ADCo 
P 
“ Lag © P1D1/ADC1 
A/D r © POD0/ADC2 
Converter rT 4 © POD1/ADC3 
rT ©) POD2/ADC4 
© POD3/ADC5 
POCO O 
POC1 O 
PoC? O— POC —_ 
POC3 O 
P1A0/FCG O 
P1A10 ae é 
P1A20 
P1A30 CGP pimaeer 
P1CQO Sie af : 4 61 /Pwho 
eects Cc ‘ P1B2/PWM1 
P1C2O PIC onverter | |_| © P1B3/PWM2 
P1C3 O 


Stack P1B 


7 x 12 bits 


P2AQO P2A = 


Interrupt OQ INTO 
Control OINT1 
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3. ywPD17005 INSTRUCTIONS 


3.1 TABLE OF INSTRUCTION SETS 


o;}o 
o;o 


MOVT 
BR 
CALL 
RET 
RETSK 


1 1 

c 
1 1 0 1/D] BR 
r 
: 


Oo 
Oo 


DBF, @AR 
@AR 
@AR 


m, #1 


addr (page0) 


addr (pagel) 
addr (page2) 
addr (page3) 


CALL 
MOV 
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3.2 TABLE OF INSTRUCTIONS 


NOTE 
M : One of Data memory specified by [(BANK),m] PC : Program memory counter 
m : Data memory address specified by (my, m,) of each SP : Stack pointer 
bank STACK — : Stack of (PC), (BANK), (IXE) 
my : Data memory address high (Row address) ; 3bits STACK pc : Stack of (PC) 
mr : Data memory address Low (Column address) ;4 BANK _ : Bank register 
bits (ROM) pc: One of Program memory data specified by 
R : One of General register specified by ((RD),r) (PC) 
r : General register address low ; 4bits INTEF __: Interrupt enable flag 
RP : General register pointer SGR : Program memory segment register 
RF : One of register file specified by rf : Immediate data ; 4bits 
rf : Register file address specified by (rfy, rf.) n : Bit position ; 4bits 
rfy : Register file address high addr : One of program memory address ; 11bits 
rf, : Register file address low CY : Carry flag 
AR : Address register c : Carry 
IX : Index register b : Borrow 
IXE _ : Index enable flag h : Halt release conditions 
DBF : Data buffer ( ) : Address of M, R, RF 
WR : Window register ( ) : Contents of M, R, RF, AR, IX, DBF, WR, PE 
MP : Memory pointer 
MPE_- : Memory pointer enable flag 
PE : Peripheral 
p : Peripheral address 
Py : Peripheral address high 
Di. : Peripheral address low 


Machine code 
Operation 


irom | Add Data memory to General register (R) —(R) + (M 


ADD 
car immediate data to Data memory (M)<-(M) +1 
ia Add Data memory to General register with carry (R) <-(R) + (M) + (CY) 
ADDC 
Add immediate data to Data memory with carry (M) —(M) +i+ (CY) 10010 
¢ [AR Increment Address register R)<—(AR) + 1 00111 


Subtract Data memory from General register 


Subtract immediate data from Data memory 


Addition instruction 


Ec 
= 
= 
Uw 
BY 
5 
~b 
oQ~- 
a ¢ 
Sia 


Subtract immediate data from Data memory with borrow 
(M)-1 & 


Skip if Data memory equals immediate data a 
skip if zero 


Skip if Data memory is greater than or equal to | (M)-1 & 
immediate data skip if not borrow 


(M)-i & 


skip if borrow 


(M)-1 & 
SKNE | m, #1 | Skip if Data memory not equal immediate data — 
skip if not zero 
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Skip if Data memory is less than immediate data 


Logical operation 


instruction 
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Logic AND of Data memory and immediate data 
AND 


Comparison instruction 


Exclusive Logic OR of General register and Data memory 


D 
ST 
Move Data memory to Destination data memory 


referring to General register 


Move Source data memory referring to General 


register to Data memory 


Move Program memory data specified by Address 


register to Data buffer 


DBF, 
a | 


Decrement Stack pointer, then move Address register 


Transfer instruction 


to Stack 


Move Stack to Address register, then increment Stack 


pointer 


Test Data memory bits, 
€|SKT | m, #n _ i 
‘= then skip if all bits specified are true 
as Test Data memory bits, 
5£| SKF 


then skip if all bits specified are false 


Jump to the address specified by Address register 


Rotate General register right with carry 
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Mnemonic | Operand Function Operation 
Ct 


| Le AND Gra ata as ein [CRU AND OO | om [ma [me | + 
mF | un OF oD ei mae ae — 00 OR 4 | OO 
5 [Le Oo inne a PODMODOR | | OE [me | m 


Load Data memory to General register (R) —(M) 01000 
Store General register to Data memory (M) <(R) 11000 


Move immediate data to Data memory (M) 11101 Pima} me] i | 


PEEK (ser data of Reasier tile te Window vei (WR) <(RF) 00111 fy [oon] rf, | 
POKE Put data of Wihdow vepister into Revister fle (RE) —(WR) 00111 0010] rf, 
Get peripheral data to dara baller (DBF) —(PE) 00111 EI 1011 ra 
Put data of Data buffer to peripheral (PE) —(DBF) 


Jump to the address in page 0 (PC)+ addr & (PC) 21 2,00 | 01100 


e Jump to the address in page 1 (PC) addr & (PC) 21 21; 01 
S addr 
os Jump to the address in page 2 (PC)+addr & (PC) 21) 21, 10 
vino 
ne Jump to the address in page 3 (PC)«addr & (PC) 215 2, “ll 


NEC 


ane BANDE | wwe fm Tm] 


fm | mi 


3 


My 
H 


if MPE=1 : [(MP), (R) }—(M) 


if MPE= 0 : [(m,), (R) }—(M) 


if MPE= 1 : (M)<{(MP), (R)] 
if MPE= 0 : (M)<[(my), (R)] 


(STACK,,) (PC) & (PC-(AR) & 
(DBF)~(ROM),, & (PC)+(STACK, 


00111 oo 0000 
00111 on 1101} 0000 
00111 on 1100} 0000 


(SP) — (SP)- 1 & 
(STACK,,) (AR) 


(AR) -(STACK,,) & 
(SP) —(SP) + 1 


00111 | pa | 1010] Pi. | 


if (M),=all “1°, 
then skip 
if (M),=all “0°, 
then skip 


01101 
addr (11bits) 
01110 


01111 


00111 000 | 0100] 0000 


son ol 


(PC) —(AR) 


——CY) 


+ (R) 439 (R) go P (R432 (R) go 


uPD17005 


— 
peration 
now] 
(SP)-(SP)-1 & 
(STACK,,)-((PC) + 1) & 11100 | addr (11bits) 
(PC) =1;+-0 & (PC) «addr 
(SP)—(SP)-1 & 
Call subroutine (STACK,,)((PC) + 1) & 00111 0000 
(PC) (AR) 


(PC)-(STACK,,) & 
0000 
(SP) (SP) + 1 
(PC)-(STACK,,) & 
ae 0000 
then skip unconditionally (SP)<(SP)+1 & and skip 
Return to main routine from interrupt (PC), (BANK), (IXE)-(STACK) 0000 
service routine & (SP)+(SP) + 1 


fe [ate ~*~ | ro 
[or [ [be inere inter | oo | nro 

vo 

a 

5 


Return to main routine from subroutine 


Subroutine instruction 


Return to main routine from subroutine, 


[rom 
oom [on fio] 5 
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3.3. ASSEMBLER (AS17K) INCORPORATED MACRO 


NOTE 
flag : One of flagl to flagn 
flagl1 to flagn : Flag mane specified by RESERVED TABLE 
n : Number 
< 2 : Description can be omitted 


Test flagl to flagn, then skip all flags | if (flagl) to(flagn) =all 
SKTn flagl, ---flagn |1SnS4 ie . ‘ 2 ; 

specified are true 1 ,then skip 

Test flagltoflagn, then skip all flags | if (flag1)to(flagn) =all 
SKFn flagl,---flagn |1SnS4 fo . = p . - . 

specified are false 0°, then skip 
flagl, ---flagn Set all flags in flag1 to flagn, (flag1) to (flagn) —1 
flagl, ---flagn Clear all flags in flagl to flagn (flag1) to (flagn) 0 

0 " 


if (flag) ="0", 
NOTn flagl, ---flagn 


then (flag)<-1 & 
if (flag)="1", 

<NOT >flag], 

--+ <NOT >flagn 


then (flag) 0 


[Meroe | —Oneand—_ 


1 SnS$4]| Complement all flags in flagl to flagn 


if description= NOT 
flag, (flag) —0 


INITFLG 


Initialize all flags in flagl to flagn 


if description = flag, 
(flag) <1 


(BANK) <n, 0 SnS 3 
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4. wPD17005 RESERVED WORDS (ASI7K) 
4.1 TABLE OF RESERVED WORDS 


4.1.1 System register (SYSREG) 


Read 
‘rite 


0.74H | R- | BIT bl5-12 of Address Register 
0.75H OR | BIT bl1-8 of Address Register 
ARI 0.76H BIT b7-4 of Address Register 
ARO 0.77H BIT b3-9 of Address Register 
WR 0.78H Windour Register 
BANK 0.79H R/W | Bank Register 
IXH 0.7AH R/W | Index register high 
MPH 0.7AH R/W | Memory pointer high 
MPE 0.7AH.3 Memory pointer enable flag 
IXM 0.7BH Index register middle 
MPL 0.7BH Memory pointer low 
IXL 0.7CH Index register low 
RPH 0.7DH General Register pointer high 
RPL 0.7EH General Register pointer low 
PSW 0.7FH Program status word 
BCD 0.7EH.0 Binary Coded Decimal flag 
0.7FH.0 Index register enable flag 


4.1.2 Data buffer (DBF) 


Read/ 
Reserved word | Model Address 
Write 


R/W | BIT b?7-4 OF DBF 
MEM R/W | BIT b3-0 OF DBF 


Function outline 
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4.1.3. LCD dot data register 


Read/ 
Reserved word | Model Address Function outline 
Write 


LCDDO 
LCDD1 
LCDD2 
LCDD3 
LCDD4 
LCDD5 
LCDD6 
LCDD7 
LCDD8 
LCDD9 
LCDD10 
LCDD11 
LCDD12 
LCDD13 
LCDD14 


LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 
LCD data 


register 
register 
register 
register 
register 
register 
register 
register 
register 
register 
register 
register 
register 
register 


register 


4.1.4 General Purpose Port Register 


Read/ 
Reserved word | Model Address Function outline 
Write 


0A bit b3 
0A bit b2 
0A bit bl 
0A bit b0 


o:'o:oao|o 


0. 
0. 


o:o 


o;]|o 


OD bit 
OD bit 
OD bit 
OD bit 


o:o:o 
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Read/ 
Write 


Port 0X bit bl 
Port 0X bit b0 
DUMMY 
DUMMY 
Port 0X bit b5 
Port 0X bit b4 
Port 0X bit b3 
Port 0X bit b2 
OE bit b3 
OE bit b2 
OE bit bl 
OE bit bd 
OF bit b3 
OF bit b2 
OF bit bl 
OF bit b0 
1A bit b3 
1A bit b2 
1A bit bl 
1A bit b0 
1B bit b3 
1B bit b2 
1B bit bl 
1B bit b0 
1C bit b3 
1C bit b2 
1C bit bl 
IC bit b0 
1D bit b3 
1D bit b2 
1D bit bl 
1D bit b0 
2A bit b3 
2A bit b2 
2A bit bl 
2A bit b0 
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4.1.5 Register File (Control Register) 


Read/ 
Write 


SIO2TS Se woe start flag 


SIO2HIZ SO2/P0B1 select flag 


SIO2CK1 S102 clock select bit bl 


SIO2CK0 S102 clock select bit b0 


Pires [rte [oan [8 [1F omerge sats tag 
Peru [ric | oasto |e | Pit woo Fag 
Fapccw | ruc | osi.o |e | ADC wie ay 
pee [is [oan.o [a | crema 


SIO1CH SIO1 mode select flag 


SB SB/SBI select flag 


SIOIMS SIO1 clock mode select flag 


SIOITX SIQ1 TX/RX select flag 


o;}o 


Timer interrupt mode select flag 


Timer interrupt mode select flag 


Timer carry F/F mode select flag 


Timer carry F/F mode select flag 


—) 


oO 


o;}o 


INT1 terminal status flag 


INTO terminal status flag 


o};]o 


Key souce decorder enable flag 


LCD driver enable flag 


o;]o 


Port 0Y enable flag 


Port 0X enable flag 


Port OE enable flag 


Port OF enable flag 


Oo 


o 


o;]o 


IFCMD1 IF counter mode select flag 


IFCMD0 IF counter mode select flag 


IFCCK1 IF counter clock select flag 


IFCCK0O IF counter clock select flag 
PWM20N PWM2 enable flag 


PWMION PWM1 enable flag 


PWMOON PWMO enable flag 


CGPON CGP enable flag 
AD mode select flag (DUMMY : 0) 


AD mode select flag 


AD mode select flag 


AD mode select flag 


oO 


oOo 


o;}o 


oO 


oO 


o;]o 


o 


Oo 


oO 
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Reserved word | Model Address Function outline 
Write 


PLULDLY3 PLL unlock time select flag (DUMMY : 0) 
PLULDLY2Z : . PLL unlock time select flag (DUMMY : 0) 
PLULDLY1 ; ; PLL unlock time select flag (DUMMY : 0) 
PLULDLY0 PLL unlock time select flag 


KEY] ae 0.96H.0 x KEY imput judge flag 
TMCY a 0.97H.0 FOR | Timer carry F/F status flag 


SBACK SB acknowledge flag 
SIOINWT . . SIO1 Not wait flag 

SIOIWRQI1 . ; SIO1 wait mode flag 
SIOIWRQO0 . ; SIO1 wait mode flag 


INT1 interrupt edge select flag 
INTO interrupt edge select flag 
PLLMD3 : : PLL mode select flag (DUMMY : 0) 
PLLMD2 : PLL mode select flag (DUMMY : 0) 
PLLMD1 . : PLL mode select flag 
PLLMDO ; ; PLL mode select flag 
IFCSTRT ; : IF counter start flag 
IFCRES IF counter reset flag 


SIOISF8 SIO1 clock counter status flag 
SIOISF9 0.0A8H.2 SIO1 clock counter status flag 
SBSTT 3 0.0A8H.1 SB start condition status flag 
SBBSY I 0.0A8H.0 SB start & stop condition status flag 


IPSIOI 0.0AFH.3 SIO1 interrupt permission flag 

IPTM 0.0AFH.2 : Timer interrupt permission flag 
EPI 0.0AFH.1 j INT1 interrupt permission flag 
IPO I 0.0AFH.0 INTO interrupt permission flag 
PLLRFMD3 0. OB1H. 3 / PLL reference clock select flag 
PLLRFMD2 0. 0B1H. 2 PLL reference clock select flag 
PLLRFMDI1 0.0B1H.1 PLL reference clock select flag 
PLLRFMDO I 0.0B1H.0 N PLL reference clock select flag 
PIABIO3 5 0.0B5H.3 / I/O select flag 

PIABIO2 3 0.0B5H 2 I/O select flag 

P1ABIO1 : 0.0B5H.1 / I/O select flag 

PIABIOO 0.0B5H.0 / I/O select flag 

POBBIO3 0.0B6H .3 I/O select flag 

POBBIO2 0.0B6H.2 / I/O select flag 

POBBIO] 0.0B6H.1 ] I/O select flag 

POBBIOO 0.0B6H.0 / I/O select flag 
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Reserved word | Model Address Function outline 
Write 


POABIO3 
POABIO2 
POABIO1 
POABIOO 
SIOIIMD3 
SIOIMD2 
SIOIIMD1 
SIOIIMDO0 
SIOICK3 
SIO1CK2 
SIO1CK1 
SIO1CKO 


IRQSIO1 
IRQTM 
IRQ] 
IRQO 


0.0B7H.3 

0.0B7H.2 
.OB7H. 
.OB7H. 


Oo 


o:'o:o;o 


POA3 I/O select flag 
POA2 I/O select flag 
POA1 I/O select flag 
POAO I/O select flag 


SIO1 interrupt mode select flag (DUMMY : 
: 0) 


SIO1 interrupt mode select flag (DUMMY 

SIO1 interrupt mode select flag 

SIO1 interrupt mode select flag 

SIO1 Shift clock select flag (DUMMY : 0) 

SIO1 Shift clock select flag (DUMMY : 0) 
Shift clock select flag 


Shift clock select flag 


Timer Interrupt request flag 


INT1 Interrupt request flag 
INTO Interrupt request flag 
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4.1.6 Peripheral hardware address 


Read/ 
Reserved word | Model Address Writ Function outline 
rite 


| DBF | pat | oFH —_|_R/W | Data Buffer address for GET/PUT instructions | Data Buffer address | Data Buffer address for GET/PUT instructions GET/PUT instructions 
ae tee ee Index register address for INC instructions 
ADCR ae A/D converter Vref data register 


SIO2SFR S102 Presettable shift register 


SIOISFR SIO1 Presettable shift register 
PWM0O Data register 


PWM 1 Data register 


PWM2z2 Data register 


uPD17005 


= 


LCD group data register 0 


LCD group data register 1 


LCD group data register 2 


LCD group data register 3 


LCD group data register 4 


Port 0X data register 


LCD group data register 5 


LCD group data register 6 


LCD group data register 7 


Par [ne [oP Address Register address for GET/PUT/PUSH/CALL/BR/MOUT/INC instructions 


Key souce data register 


Port 0Y data register 


=: 


= 


= 


aS 
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5. ELECTRIC CHARACTERISTICS (TENTATIVE) 


5.1 ABSOLUTE MAXIMUM RATINGS (T, = 25 +2 °C, unless otherwise) 


Power Voltage Vpop —0.3 to +6.0 V 
Input Voltage Vi —0.3 to Vpp + 0.3 V 
Output Voltage Vo —0.3 to Vpp + 0.3 (excluding P1B, to P1B3, POA2, POA3, LPFour) V 
Maximum Output Voltage Vgpsi 18.0 (P1B, to P1B3, LPFourt) V 
Maximum Output Voltage Vgps2 Vpp + 0.3 (POA2, POA3) V 
Output Absorption Current Io 10.0 mA 
Operating Temperature Ts — 40 to +85 "i 
Storage Temperature Tes —55 to +125 =C 


5.2 RECOMMENDED OPERATING CONDITIONS 


TGnARAGTERISTIC [SYMBOL | WIN [TYP [ WAX [UNIT] CONDITION 
Power Vote | Voor | 48 | 80 | 88 | v [WinPlLmndcrUaiwe 
Power Vatow | Vooa | 38 | 80 | 88 | v [win crUacivoand PLL notatw 
[DstaRetenionVatow | Yoon [22 | | 88 | V [Nocyvalesiiaion 


Power Voltage Rising 
Time Trise Vop =0-45V 
Vp. 


Maximum Output 
Veps 
Voltage 


D 


16.0 V P1B, to P1B3, LPFout 


85 
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5.3 ELECTRIC CHARACTERISTICS 
(T, = —40 to +85 °C and Vpp = 4.5 to 5.5 V, RH < 70 %, unless otherwise specified) 


CHARACTERISTIC SYMBOL | MIN. | Typ. | MAX. |UNIT CONDITION 
5.0 55 


Power Voltage Vpp1 4.5 V With CPU and PLL active 


7 
Power Voltage Vpp2 35 5.0 5.5 V_ | With CPU active and PLL not active 
fe 


With CPU active and PLL not active 
Positive wave input 

(fin = 4.5 MHz, Vin = Vpp), 

Ta = 25 °C Xyn pin 


Power Current Ipp1 1.2 2.4 mA 


| With CPU active and PLL not active 
HALT instruction in use (execute 
20 instructions per 1 ms) 

Power Current Ipp2 0.45 0.90 mA . ; 
Positive wave input 

(fin = 4.5 MHz, Vin = Vpp), 
Ta = 25°C Xin pin 


y Use electrical blackout detection by 
timer F/F Crystal oscillation 


Use electrical balckout detection by 


Data Retention Voltage | Vppri 3.5 


Data Retention Voltage | Vppr2 Ae 


Data Retention Voltage | Vppr3 2.0 


V 
timer F/F No crystal oscillation 


Data memory (RAM) retention 


T,=25 °C 


Data Retention Current lppR1 


No crystal oscillation 


No crystal oscillation 


Data Retention C tr 
ata Retention Curren DDR2 Vpp=5.0 V, Ta=25 °C 


Intermediate Level 


Von 2s 2.5 2.7 COMo, COM, 


Output Voltage 


—+ 


POAg to POA3, POBg to POB3, 


High Level Output 
igh Level Outpu V_ | POCo to POC3, P1Ag to P1A3, 


Vin4 0.8 Vpp |0.6 Vpp 


Volt 
ae P1Do to P1D3, CE, INTo, INT; 
High Level Output 
a Vins (06V a5 105 Vap POD, to POD3 
Voltage 
POAg to POA3, POBo to POB3, 
Level Output POCpy to POC3, PODg to PODs, 
sine Wicd 04Vpp 10.2 Vpn | V ° cae: ° 
Voltage P1Ag to P1A3, P1Dg to P1D3, 
CE, INTo, INT, 
POAg to POA;, POBg to POB3, 
High Level Output POCp to POC3, PODg to POD3, 
loH1 —1.0 —5.0 mA 
Current P1Ag to P1A3, P1Cg to P1C3, P1Bo 
| VoH=Vpp-1 V 
q Oyo, EO 
i | Output LCDo to LCD29, EOg, 
Pugh eeNey AI ino | “10. | =a mA a ee 
Current Von=Vpp-—1 V 
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mA POA2, POA3 VoL=1 V 


CHARACTERISTIC |SYMBOL| MIN. | TYP. | MAX. |UNIT | CONDITION 
POAg, POA;, POBg to POB3, 
Low Level Output POCpy to POC3, PODg to POD3, 
Current al P1Ag to P1A3, P1Co to P1C3, P1By 
VoH=Vpp-1 V 
Low Level Output ' 35 A LCDg to LCD29, EOg, EO, 
; m 
Current ahs VoH=Vpp-—1 V 
Low Level Output 
| 2.0 mA | P1B, to P1B Vo. =1V 
Low Level Output 
C loua 
urrent 
High Level Input 
High Level Input 
Current 
High Level Input | 
Current 
High Level Input ' 0.13 0.30 ahh PODg to POD3 at pull-down 
Current ne , , Vin=Vpp 


Output Off-Leak 
Current 


Output Off-Leak 
Current 


AD Conversion 
Resolution 


Operating Frequency fint 0s 
Operating Frequency fina 


EQo, EO, 


Ta=—10 to 50 “C 


VCOL MF mode Positive wave 
input Vin=0.3 Vp.p 


IL3 VoH=Vpp. VoL=0 V 


VCOL HF mode Positive wave 
input Vin=0.3 Vp.p 


VCOH Positive wave input 
Vin=0.3 Vp.p 


: 


VCOH Positive wave input 
Vin=0.5 Vp.p 


= 
z 


AMIFC Positive wave input 
Vin=0.3 Vp.p 


FMIFC Positive wave input 
Vin=0.3 Vp.p 


NEC 


(Reference characteristics) 


CHARACTERISTIC 


Power Current 


uPD17005 


SYMBOL 


UNIT CONDITION 


With CPU and PLL active VCOH 
Positive wave input 

fin = 150 MHz, Vin =0.5 Vp.p, 
Vpp = 5 V,T,= 25°C 


15 mA 


High Level Output 


—0.2 mA COMo, COM, VoH=Vpp~-1 V 


na 


WA COMo, COM, Vom=Vpp 


Current 


Intermediate Level 


Output Current 


Intermediate Level 


l 2 | COMg, COM Vom=0 V 
Output Current OM2 0 1 OM 


Low Level Output 
Current 
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ONE-TIME PROM 4-BIT SINGLE-CHIP MICROCONTROLLER 
WITH BUILT-IN HARDWARE FOR DIGITAL TUNING SYSTEM 


The uPD17PO005 is a product with the built-in mask ROM of uPD17005 replaced with the one-time PROM. 

uPD17P005 allows the user to write any program and is suitable for prototyping or small volume production in 
the system development of the uPD17005 or uwPD17003A (ROM, RAM scale-down version of uPD17005). 

The analog characteristics (PLL) of uwPD17P005 are different from the wPD17005 or the uPD17003A cases. 
Using device really should be evaluated about time constance. 

See also uPD17005 or uPD17003A data when reading this data sheet. 


FEATURES 

@ uPD17005, uPD17003A compatible. 

@ Built-in one time PROM ROM: 16 KB (7932 steps x 16 bits) 
@ Single supply 5 V +10 % 


ORDERING INFORMATION 
Order Code Package Quality Grade 


uPD17POO5GF-3B9 80-pin plastic QFP (14 x 20) Standard 
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PIN CONFIGURATION (Top View) 


(1) Normal operation mode 


O POD9/ADC2 
© POD;/ADC3 

OQ POD2/ADC4 

O P0D3/ADC5 

OQ LCDg/POYo/KSo 
© LCD ,/POY1/KS4 
O LCD2/POY2/KS2 
O LCD3/P0Y3/KS3 
O LCD4/POY4/KS4 
O LCDs/POY5/KS5 
O LCD¢/POY6/KS6 
© LCD7/POY7/KS7 
O LCDg/P0Yg/KSg 
O LCDg/POY9/KSg 


O POC2 
O POC3 


POC; O 1 © LCD 10/POY10/KS10 
POCg O 2 OQ LCD 14/POY14/KS 44 
POA3/SDA O 3 O LCD12/POY12/KS12 
POA2/SCL O 4 O LCD13/POY13/KS13 
POA1/SCK1 O 5 © LCD 14/POY14/KS14 
POAg/SO1 O 6 © LCD 15/P0Y15/KS15 
POB3/SI1 © 7 © LCD16/POXo9 
POB2/SCK2 O 8 © LCD17/P0X 
POB1/SO2 O 9 O LCD 18/P0X2 
POBQ/SI2 O % O LCD j9/P0X3 
INT, O S LCD29/P0X4 
INT9 O 8 O LCD21/POX5 
CE O o O LCD29/P0E9 
P1A3 O ds © LCD23/P0E, 
P1A2 O & O LCD24/P0E2 
P1A1 O © LCD25/P0E3 
P1AQ/FCG O O LCD2¢6/POFo 
P1B3/PWM2 O O LCD27/POF} 
P1B2/PWM, O O LCD28/POF2 
P1B1,/PWMg O O LCD29/POF3 
P1Bo/CGP © © COMg 
P1C3 O © COM, 
Figo © O P2A9 
PIC; © O VppD2 


PICo:O 


P1D3/FMIFC O 


P1D2/AMIFC © 


P1D4/ADC; O 


P1D9/ADCg O 


Vop1 O 


VCOL O 


VCOH © 


GND O 


35 36 37 


XOuT O 
Xin O 
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EO9 O 


EQ; O 
LPFin, O 
LPFouT O 


ViPF O 


uPD17P005 


(2) PROM programming mode 


Ooze N OM © 
=~ Oo oo 6 
= 22 2 2 = 
coN i 
O0000 00000 00000 0 


75 74 73 72 71 70 69 68 67 66 sacle 


© 1 O 
O 2 © 
O 3 O 
© 4 O 
O 5 O 
(L) 
: ° ~ 4 (Open) 
n 
O 7 0 i 
© 8 O 
© 9 O 
O B e 
Vpp O = © 
~ 
(L) © 3 @ 
Vpp O 5 O DO 
nN 
OU ds O D1 
® © O d2 
(L) 
O O D3 
O QO D4 
O © DS 
O QO D6 
O O D7 
(Open) < O @ 
O O > (Open) 
O © 
¥ 25 26 27 28 29 30 31 32 33 O Vpb2 
Oo 0 0 0 0 0 OO 0 0 0 0 0 0 O 
5 2 ae 2283 § Ss §& 
Q > "9" S 8 
Note: ( ): Treatment of pins that are not used in PROM programming mode. 


L: Separately connect to respective ground via a resistor (470 2) 
Open: Do not connect. 
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NEC 


POAp-POA3 
POBy-POB3 
POCy-POC3 
PODg-POD3 
POEg-POE3 
POF 9-POF3 
POXo9-POXs5 
POY9-POY15 
P1A9-P1A3 
P1Bo-P1B3 
P1Co-P1C3 
P1D9-P1D3 
P2Ao 

SDA 

SCL 

SCK1, SCK2 
SO;, SO2 
Sly, Slo 
INTo, INT, 
CE 

FGG 


Port OA 

Port OB 

Port 0C 

Port OD 

Port OE 

Port OF 

Port 0X 

Port OY 

Port 1A 

Port 1B 

Port 1C 

Port 1D 

Port 2A 

Serial data input/output 
Serial clock input/output 
Serial clock input/output 
Serial data output 

Serial data input 
External interrupt input 
Chip enable input 
External gate counter input 


PWMo-PWM2 
CGP 

FMIFC 
AMIFC 
ADCop-ADCs 
VCOL 
VCOH 

Xin, XOUT 
EQOo, EO, 
LPF in 
LPFout 


COMo, COM; : 
LCDg-LCD29 : 


KSo9-KS15 
CLK 
MDO-MD3 
DO-D7 
Vpp 

VLPF 


Voo1, Voo2 : 


GND 
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D/A converter output 

Clock generator port 
Frequency counter input 
Frequency counter input 
A/D converter input 

Local oscillation low input 
Local oscillation high input 
Crystal resonator connecting pin 
Error-out output 

LPF amplifier input 

LPF amplifier output 

LCD common signal output 
LCD segment signa! output 
Key source signal output 
Clock input for PROM 

Mode selection for PROM 
Data input/output for PROM 
Power Supply for PROM 
LPF amplifier source 

Power source 


Ground 


BLOCK DIAGRAM 


VCOH O No 
VCOL O No 


Divider 


Programmable 


Counter 


CPU Clock lel 


Selector Timer 


XIN/CLK O No. Divider 


XouT O 
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fo) 
> 
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> rao 
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| | i es 
r | | hats 
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POC3 O 


POC 


P1AQ/FCG O 
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P1A2 O 
P1A3 0 
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P1Cg O 
P1C1 O 
P1C9g O 
P1C3 O 


a 
fo) 


fi ey 
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> 
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: 


GND 


A 


432 x 4 bits 


Instruction 


Decoder 


Stack 
7 xX 13 bits 
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LCD 
Driver | 


P1D 
| 
A/D 


| 
Converter aa 
aaa 


CGP 


D/A rT 4 
Converter aan 


P1B 


Interrupt 
Control 


EQ 
EQ, 


COMg 
COM, 


LCDo/POYg/KSg 
LCD 1/POY4/KS4 
LCD2/POY2/KS2 
LCD3/POY3/KS3 


LCD24/P0E2/D2 
LCD95/P0E3/D3 
LCD26/POF9/D4 
LCD27/POF1/D5 
LCD28/POF2/D6 
LCD39/POF3/D7 


P1D3/FMIFC 


P1D9/AMIFC 


P1D9/ADCo 
P1D4/ADCq 
POD9/ADC2/MDO 
POD1/ADC3/MD1 
POD2/ADC4/MD2 
POD3/ADC5/MD3 


P1Bo/CGP 


P1B1/PWMg 
P1B9/PWM, 
P1B3/PWM2 


INTO 
INT 1/Vpp 


VLPF 


LPFOUT 


O LPFin 
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1. PIN FUNCTIONS 


1.1 Port Pin 
POAg Input/ output | SO4 ' 4-bit input/output port (Port OA) Input 


POA, SCKy Input/output settable in 1-bit. 
noha Necinapaticiain 

POA3 SDA 5 V withstand voltage 
POBg Input/output | Sig 4-bit input/output port (Port 0B) 


POBy S02 Input/output settable in 1-bit. 
POB2 


POB3 so | 
POCg—P0C3 Input/output = 4-bit input/output port .(Port OC) 

| Input/output settable in 1-bit. 
PODp—POD3 


ADC2—ADCs (MDO—MD3) 4-bit input port (Port OD) 
POEg—POE3 Output LCD22—LCD25 (DO—D3) | 4-bit output port (Port OE) 


Pull-down resistor built-in. 
Se ee eee ea cm es cases i eeepc 5 atin anaes 


POFg—POF3 Output LCD2g—LCD29 (D4—D7) adh output port (Port OF) 


POXg—POXs5 


Output LCD1g—-LCD 21 | 6-bit output port (Port OX) L <= 


et ee _— —— 


Output LCDo9/KSg—LCD45/KS15 | 16-bit output port (Port OY) / = 


POYoQ—POY 45 


| 


—-—_$ —__ —_—_- — -—- _ + tame eeren nnn os 


+ - - — cai at, emegaenine an ie . 
input/output | FCG 4-bit input/output port (Port 0A) 


P1A,—P1A3 _ Input/output settable in 1-bit. 


i ear nS Ce aS Sina tien eNO OS = 6 SS A st nn See minnie nests Soe ee 


Output CGP | 4-bit output port (Port 1B) | - 
P1B,—P1B3 PWMyp—PWM> | Nch open-drain. 
: | 16 V withstand voltage i 
ee ee ee, ae eee ane pL trate aya ae are a Ae, on ott +—--- 
P1Co—P1C3 Output = 4-bit output port (Port 1C) [| = 
iat ombe aa ed areas —— i ee aaa alae wae ees — eS is elses Sen. oats coe cis a: ie sa eae +—_ —- - 
P1D Input ADC 4-bit input port (Port 1D) ; = 
i, a ee | 


P1Dq 


P1D2 


P1D3 FMIFC | 


a ieee ea nena eon er 


a 


| Output = ' 14-bit output port (Port 2A) | — 


P2A9 


*: Pins in parentheses are dual function pins in PROM programming mode. 
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1.2 Pin for Other Than Port (In Normal Operation Mode) 


Input/ output Dual function pin (*) Function 


| Input/ output Serial clock input/output pin 

= Input/Output Serial clock input/output pin 

oR Input/ output POA3 Serial data input/output pin 
| | 


i] 1 
Input POBo ' Serial data input pin 
Output | POB, | Serial data output pin 


Input/output | POB2 i Serial clock input/output pin 


Input — | Edge-sensitive vector interrupt input pin 
: (detection edge selectable) 


(Vpp) 


shy Input | POB3 Serial data input pin 
lce Input aa Operation select pin and reset signal input pin 
Input | P1Ao | External gate counter input pin 


cop Output P1Bo ! Clock generator port output pin 
i ee er ee ee ee ee ee 8 


PWMg—PWM2 Output | P1B,—P1B3 | D/A converter output pin. 
| 
i N-ch open-drain. 


SCK4 
SCL 
SDA 
Sl2 
SCK2 
INTo 
INT4 
CE 
FCG 
CGP 


| 16 V withstand voltage 


ADCo—ADC 4 ' Input | P1Do—P1D 4 i‘ Analog input pin to D/A converter 


ED Rees Sees eee eee 
ADC2—ADCs5 | PODg—POD3 (MD0—MD3) | | Key source signal return output pin 
COMg, COM, Output C= Common signal output pin of LCD controller/ 


i | Driver 


eee a 


; POYQ/KSq—POY45/KS45 | Segment signal output pin of LCD controller/ 


LCDg-LCDy5_~—s, Output | 


eae eTnES 
LCD1g—-LCD21 | POXg—POX5 Drives 


LCD29—LCD925 POEQ—POE 3 (DO—D3) 


LCD26—LCD29 | POF g—POF 3 (D4—D7) 


KSg—KS15 | Output | LCDo/POYg—LCD45/POY 15 Key source signal output pin of key matrix ~ 


ae 
AMIFC | P1D9 Frequency counter input pin — 
EE a ee 


FMIFC | P1D3 


VCOL : Local oscillation frequency input pin 
VCOH 


Crystal resonator 


Output 


Output Charge pump output pin of PLL frequency 
synthesizer 


: Amplifier input pin for low-pass filter 


| Amplifier output pin for low-pass filter 


| N-ch open-drain. 
16 V withstand voltage 
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Device supply pin. 6 V applied in program 
memory write/read/verify mode. 


Ground pin 


*: Pins in parentheses are dual function pins in PROM programming mode. 


1.3 Pin for Other Than Port (In PROM Programming Mode) 


CLK Clock input pin at program memory write/ 
read/verify. 

Do-D7 Input/ output LCD 22/POEQg—LCD29/POF 3 Data input/output pin at program memory 
write/read/verify. 


MDO—MD3 Input POD9/ADC2—P0D3/ADCs Operation mode select pin at program memory 
write/read/verify. 


Vpp Program voltage application pin at program 
memory write/read/verify. 
12.5 V applied at program memory write/read/ 
verify. 
Used as INTq pin in normal operation mode. 
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1.4 Equivalent Circuit for Pin 


1.4.1 POA (POA, /SCK 1, POAg/SO;) 
POB (POB3/S!I;, POB2 /SCK 2, POB;/SO2, POBo/SI2) 
POC (POC3, POC2, POC, POCg) 'Note) (Input/Output) 


P1A (P1A3, P1Az2, P1A,, P1Ag) 
ae (Other than DO-D7) 
ea read signal (POC, DO-D7) 


—_ 
| —-— 


1.4.2 POA (POA3/SDA, POA2/SCL) (Input/output) 


op 


a 


>» (Output) 


1.4.3 P1B (P1Bo/CGP) | 
P1C (P1C3, P1C2, P1Cy, P1Co) | 
P2A (P2Ag) 
LCDo/POYo/KSo-LCD29/POF3 | 


ah 
it 
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1.4.4 P1B (P1B3/PWM2, P1B2/PWM;, P1B,/PWMo) (Output) 


— 


1.4.5 POD (POD3/ADCs/MD3, POD2/ADC4/MD2, POD,/ADC3/MD1, POD9/ADC2/MDO0) (Input) 


VDD 


A/D converter 


High on-resistance 


~ 


1.4.6 P1D (P1D,/ADC,, P1D9/ADCo) (Input) 


VoD 


A/D converter 


— 


1.4.7. P1D (P1D3/FMIFC, P1D2/AMIFC) (input) 


VDD 
— a 7 
+ Genera! purpose port 
Ar 


High on-resistance 


VDD 
| 
| or | — 
aan Frequency counter 

e 4 

{| | 

| | 

” ” 
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1.4.8 CE 
INT1/Vpp i (Schmitt triggered input) 


INT 


VDD 
- 
1.4.9 Xout (Output), Xin/CLK (Input) 
VDD sae High on-resistance 
VDD 
L 
Xin/CLK. O-=———e— Internal clock 
| a 
High on- | 
7 resistance 7% = 
XOUT ere Hy 
ca 
1.4.10 EO 
1 (Output) 
EQo | 
VDD 
(pct eeetentcnt 
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1.4.11 LPFix (Input), LPFout (Output), Viper 


4. OM 
bale Sm (Output) 
COMo 
VDD VDD 
FE 
High on-resistance 
FT IR 
High on-resistance 
1.4.13. VCOH a 
veo f . "PY 


Vop | High on- 
resistance 


High on- 
resistance 
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2. FUNCTION LIST 


al uPD17003A uPD17005 uPD17P005 


a a 
puwwite 
cuenta 
ee 
eae she et ors) 


General-purpose port register 24 nibbles 


Insturction execution time 


Stack level 


7-level (stack operation available) 


General- 


input/output port 16 units 


purpose port 


Input port 8 units 


Output port 9 units (+30: LCD segment pin) 


Clock generator port 


LCD controller/driver e 30 segments, 2 commons 
1/2 duty, 1/2 bias, frame frequency 250 Hz, drive voltage Vpp 
16 segment pins, also working as key source 
All of 30 segments can be used as output ports. 


(4, 4, 6, 16 segments: independently settable.) 


2 systems 
8-bit 3-wire: 2-channel 
8-bit 2-wire: 


Serial interface 


1-channel 


D/A converter 8-bits x 3 (PWM output, output withstand voltage 16 V max.) 


A/D converter 6 bits x 6 (successive approximation by software) 


Interrupt 5 channels (Maskable interrupt) 
External interrupt: 2 channels (INTg pin, INT, pin) 
Internal interrupt: 3 channels (timer, serial interface 1, frequency 


counter) 


2 systems 
Timer carry FF (1, 5, 100, 250 ms) 
Timer interrupt (1, 5, 100, 250 ms) 


Reset function Power-ON reset (at power on) 
e Reset by CE pin (CE pin goes from low to high.) 


Power failure detection function 
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e 2 types: 
frequency Direct dividing method: (VCOL pin 20 MHz max.) 
synthesizer Pulse swallowing: (VCOL pin 40 MHz max.) 
(VCOH pin 250 MHz max.) 


Reference frequency | e 12 types selectable by program. 
1, 1.25, 2.5, 3, 5, 6.25, 9, 10, 12.5, 25, 50, 100 kHz 


e Unlock detection available by program. 
Unlock FF delay time selectable. 


e CMOS operational amplifier, output withsatnd voltage 16 V max. 


Frequency counter e Frequency measurement 
P1D3/FMIFC pin: 5 to 15 MHz 
P1D2/AMIFC pin: 0.1 to 1 MHz 
External gate width measurement 
POA,/FCG pin 


Supply voltage © Vpp= 4.5 to 5.5 V (PLL and CPU operations) 
e Vpp= 3.5 to 5.5 V (PLL stop, CPU operation) 
e Vpp= 2.2 to 5.5 V (Crystal resonator stop) 


Package 80-pin plastic QFP 
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3. WRITE/READ/VERIFY THE ONE-TIME PROM (PROGRAM MEMORY) 


uPD17P005 


The program memory built in uPD17P005 is a 15864 x 8-bit electrically writable one-time PROM. This PROM 
is accessed in 1-word, 16-bit in normal operation mode and in 1-word, 8-bit in program memory write/read/verify 
mode. In this case, the upper 8 bits of 1-word, 16 bits are allocated to even address and the lower 8 bits to odd 
address, respectively. 

At PROM write/read/verify, set to PROM mode and use those pins shown in Table 3-1. 

Addresses are updated by the clock input from the CLK pin instead of the address input. 


Table 3-1 Pins to be used at program memory write/read/verify 


a — 


Program voltage application pin. 
12.5 V applied. 
Used as INT1 pin in normal operation mode. 


LK Address update clock input pin 
MDO—MD3 Operation mode select pin 
DO—D7 8-bit data input/output pin 


Supply voltage application pin. 


6 V applied 
The built-in PROM is written using the specified PROM programmer and dedicated program adapter. Use the 


5 V +10 % applied in normal operation mode. 


following PROM programmer and program adapter. 
PROM programmer: AF-9703 (Ando Electric Co.) 
AF-9704 (Ando Electric Co.) 
Program adapter: AF-9803 (Ando Electric Co.) 


3.1 Operation Mode at Program Memory Write/Read/Verify 

The uPD17P005 changes to the program memory write/read/verify mode when +6 V is applied to the Vpp pin 
and +12.5 V to the Vpp pin. 

According to the setting of the MDO—MD3, this mode is set to the operation mode as shown in Table 3-2. 

All input pins not used in program memory write/read/verify mode are connected to the ground via the pull- 
down resistance (470 $2). 


Table 3-2 Operation mode at program memory write/read/verify 


Designation of operation mode 
Operation mode 


tC 
Tee ew | Resheivnese 
ef Tw | waminniitmode 


Remark X: LorH 
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3.2 


Program Memory Write Procedure 


The program memory write procedure is as follows and High-speed write is avilable. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 


Pull down the input pins not in use to the ground via the resistance. Set the CLK pin low. 


Supply 5 V to the Vpp and Vpp pins. 

Wait for 10 us. 

0 clear mode of program memory address. 

Supply 6 V to the Vpp pin and 12.5 V to the Vpp pin. 

Program inhibit mode 

Write data in 1 ms write mode. 

Program inhibit mode 

Verify mode. Proceed to (1) if written. If not, repeat steps (7) to (9). 
Times written in (7) to (9): X) x 1 ms additional writing 

Program inhibit mode 


The program memory address is updated (+1) by inputting 4 pulse signals to the CLK pin. 


Repeat (7) to (12) up to the final address. 
O clear mode of program memory address 
Change the Vpp/Vpp pin voltage to 5 V. 
Power OFF 


Steps (2) to (12) are schematically shown below. 


Repeat X times 


0 
Write Verify Additionally Address 
Write Verify write increment 


9 VPP Sf. 
pp 
VDD 
Vppt!1 
VDD / 
VDD 
CLK / \ / \ / \ / \ 
MDO / \ / \ / \ / 
MD1 / \ / 
te et mt 
MD2 / 
nn nr ares 
MD3 / 
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3.3. Program Memory Read Procedure 


The uPD17P005 can read the contents of program memory by the following procedures. 
(1) Pull down the input pins not in use to the ground via the resistance. Set the CLK pin low. 
(2) Supply 5 V to the Vpp and Vpp pins. 
(3) Wait for 10 ws. 
(4) Oclear mode of program memory address. 
(5) Supply 6 V to the Vpp pin and 12.5 V to the Vpp pin. 
(6) Program inhibit mode 


(7) Verify mode. Sequentially output the data of one address each time 4 clock pulse signals are input to the 
CLK pin. 
(8) Program inhibit mode 
(9) Oclear mode of program memory address 
(10) Change the Vpp, Vpp pin voltage to 5 V. 
(11) Power OFF 


Steps (2) to (9) are shown below. 


MoO / \ 7 


MD1 
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4. ELECTRIC CHARACTERISTICS 


ABSOLUTE MAXIMUM RATING (T, = 25 +2 °C) 


Supply Voltage Vpp —0.3 to +6.0 V 
Input Voltage Vi —0.3 to Vop + 0.3 V 
Output Voltage Vo Except P1B,—P1B3, POA2, POA3, LPFoyur —0O.3 to Vpp + 0.3 V 
Ouput Withstand Voltage Veps1 P1B,—P1B3, LPFourt 18.0 V 
Output Withstand Voltage Vgps2 POA?2, POA3 Vpp + 0.3 Vv 
High level Output Current lon 1 pin —12 mA 
All pins —20 mA 
Low Level Output Current lo. 1 pin 12 mA 
All pins 20 mA 
Operating temperature Topt —40 to +85 °C 
Storage temperature Tstg —55 to +125 "< 


RECOMMENDED OPERATION CONDITIONS 


CHARACTERISTIC SYMBOL| MIN. | TYP. | MAX. | UNIT CONDITION 
5.0 5.9 


Supply Voltage Vpp1 4.5 


V PLL and CPU operations 


————+ 


35 5.0 
2.2 


| 
500 
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DC CHARACTERISTICS (T, = —40 to +85 °C, Vpp = 4.5 to 5.5 V) 


[Sippy vorew [Vopr | 48 | 80 | 88 | vV | hUendPlLopmione 


Data Retention Voltage VDDR!1 Vv At power failure detection by timer F/F. 


At crystal oscillation. 

Data Retention Voltage VDDR2 At power failure detection by timer F/F. 
When crystal oscillation is stopped. 

Data Retention Voltage VDDR3 


V 
Vv Data memory (RAM) Retention 


Intermediate Level Output | Vom 
Voltage 
High Level Input Voltage ViH1 


CHARACTERISTIC 


When crystal oscillation is stopped. Ta=25 °C 


When crystal oscillation is stopped. 
Vpp=5.0 V, Ta=25 °C 
Vv COMg, COM, Vpp=5 V 
VDD Vv POAg—POA3, POBg—POB3, POCg—POC3, 
P1Ag—P1A3, P1D9—P1D3, CE, INTo, INT4 
VppD Vv PODg—POD3 


0.2 Vpp POAg—POA3, POBg—POB3, POCgo—POC3, 
POD9—POD3, P1Ag—P1A3, P1D9—P1D3, 
CE, INTo, INT4 


POAg, POA1, POBg—POB3, POCg—P0C3, 
P1Ag—P1A3, P1Cg—P1C3, P1Bo, P2Ag 
VOH=VDD-1 V 


mA LCDg—LCD29, EOg, EO; 
VOH=VDD-—1 V 


POAg—POA3, POBg—POB3, POCg—POC3, 
P1Ag—P1A3, P1Cg—P1C3, P1Bg, P2Ag 
VoL=1 V 


mA LCDg—LCD29, EOg, E01 VOL=1 V 
mA | P1By—P1B3 VoL=1 V 

mA | POA2, POA3 VoL=1 V 

mA_ | At VCOH pull-down. ViH=Vpp 
mA | At VCOL pull-down. VjH=Vpp 


LA 
LA 


2 
2: 


5 a0 


0.8 Vpop 


3.5 
2.3 


High Level Input Voltage VIH2 0.6 Vpp 


” _ 
High Level Output Current | IQH2 a 


Low Level Input Voltage 


> 


High Level Output Current 


< 
r 
3) < 


it é 


Low Level Output Current | IQ 14 


7.0 
3.5 


Output Leakage Current 


Output Leakage Current 


3 
> 


ND 


mA | At Xjjq pull-down. ViH=Vpp 
0.13 0.30 mA | At PODg—POD3 pull-down. VjH=Vpp 
nA POA2, POA3: VOH=VpDD 

nA P1B,—P1B3, LPFouT VOH=16 V 
nA EOg, E01 VoH=vyDD, VoL=0 V 


jo) 


+100 


i 
Ww 
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AC CHARACTERISTICS (T, = —40 to +85 °C, Vpp = 4.5 to 5.5 V) 


STANDARD VALUE 
SYMBOL CONDITION 


CHARACTERISTIC 


VCOL MF mode 
Sine wave input 
Vin = 0.3 Vp-p 


Operating Frequency 


VCOL HF mode 
Sine wave input 
n = 0.3 Vp-p 
VCOH 
Sine wave input 
Vin = 0.3 Vp.p 


Operating Frequency 


Operating Frequency 


AMIFC 
Sine wave input 
Vin = 0.3 Vp-p 


Operating Frequency 


AMIFC 
Sine wave input 
Vin = 0.05 Vp.p 


Operating Frequency 


FMIFC 
Sine wave input 
Vin = 0.3 Vp.p 


Operating Frequency 


FMIFC 
Sine wave input 
= 0.06 Vp.p 


Analog-to Digital Conversion 

Resolution 
Analog-to-Digital Conversion Total = —10 to +50°C 
Error 


Operating Frequency 


REFERENCE CHARACTERISTICS 


| STANDARD VALUE DARD VALUE 
sympow |___STANDARD VALUE CONDITION 


ae UNIT 
Vin = 0.5 Vp_p 


IDD3 
Vpp =5 V, Ta = 25°C 


High Level Output Current COMo, COM, 
fevmivewerm fie |e fe. 
Intermediate Level Output Current COMo, COM, 

ea a 
Intermediate Level Output Current COMo, COM, 
emmeriowversem foe T fee 
Low Level Output Current lOLs COMg, COM, 
prvi tive PE ee 


CHARACTERISTIC 


CPU and PLL operations 
VCOH sine wave input 
fin = 150 MHz, 


Supply Current 
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DC PROGRAMMING CHARACTERISTICS (T, = 25°C, Vpp = 6.0 +0.25 V, Vpp = 12.5 +0.5 V) 


[“chanactenisne _[svweot[ win. [tye [ wax | uit | conpmion 
vie [vos | | voo | v [ee 


Low Level Input Voltage 


Vpp Supply Current 


Note 1: Be sure to keep Vpp below +13.5 V including overshoot. 


2: Be sure to apply Vpp before Vpp and cut it after Vpp. 


AC PROGRAMMING CHARACTERISTICS (T, = 25 °C, Vpp = 6.0 +0.25 V, Vpp = 12.5 +0.5 V) 


Data Setup Time (vs MDO |) 


Address Hold Time (*) (vs MDO 1] 
Data Hold Time (vs MDO f) tDH 


MDO ft to Data Output Float Delay Time 


Vpp Setup Time (vs MD3 f) 
Vpp Setup Time (vs MD3 ¢) 


MDO = MD1 = ViL 


tM1H + tM1R 2 50 us 


$s 
Ss 
1 eee 
2 re 
a 
ik 
ee 


*: The internal address signal is incremented by one (+1) at the 3rd CLK input fall and is not connected to the pin. 


m 
mv 
iv 
H 
s 
s 
$ 
s 
s 
0 
s 


v1 
iv 
mv 
Me 
Me 


2-129 


uPD17P005 


PROGRAM MEMORY WRITE TIMING 


VPP 
VPP 


VDD 


Vppt1 
VDD 


VDD 


CLK 


DO-D7 


MDO 


MD1 


MD2 


MD3 


tvPS 


tvDS 


; Data input Data input 


tps 
tDH tpv tDF 


i N 
tPCR tmi1s tmM1H 
; 


tM3S 


PROGRAM MEMORY READ TIMING 


CLK 


tvPS 
Vpp es eee ee 
VDD 
tvDSs 
Vep+1 A eee 
VDD an 
tL (DAD) 


tHAD 


MDO 


MD1 


MD2 


MD3 


tDFR 
id tov tM3HR 


tM3SR 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The uPD17006 is a 4-bit single-chip CMOS microcontroller for use with a digital tuning system. 

The CPU employs 17K architecture which enables to directly operate a data memory by one instruction and to 
control various operations and peripheral hardware. Each instruction is comprised to one 16-bit word. 

The peripheral hardware incorporates a variety of input/output ports, a serial interface, a clock generator port, 
a prescalar for digital tuning, aPLL frequency synthesizer, a timer for remote controlled decoding, etc. 

To cope with the RDS (Radio Data System) various timer functions, interrupt functions and external SRAM 
interface functions are incorporated. 

Thus, a high-performance, multi-functional digital tuning sytem can be constructed. 

The “PD17P006* having an on-chip one-time PROM is also available for mask ROM product, uPD17006 pro- 
gram evaluation and small production. 

An easy-to-use incircuit emulator (IE-17K) and an assembler (AS17K) are available as uPD17006 system devel- 
opment tools. 


* 


: Under development 


FEATURES 
e@ 4-bit microcontroller for digital tuning Also serves as an external event counter. 
@ Program memory {ROM): @ Various timer functions 
24K bytes (12288 x 16 bits) 12-bit modulo timer (remote controlled: 10, 50 us) 
e@ General-purpose data memory (RAM): 8-bit module timer (RDS clock synchronization: 
896 nibbles (896 x 4 bits) 10, 100 ps) 
@ Instruction execution time: 8-bit modulo timer (general-purpose: 
1.78 us (when a 4.5 MHz 10, 100, 500, 1000 ps) 
crystal oscillator is used.) Timer carry (general-purpose: 100 ms) 
@ Stack level: 7 @ Various interrupts 
@ A set of 46 easy-to-understand instructions External interrupt: 2 channels (INT,, INT pins) 
@® Decimal operation enable Internal interrupt: 4 channels (timer: 3 channels, 
@ 12K-step table reference enable serial interface: 1 channel) 
@ On-chip PLL frequency synthesizer and 150 MHz Dual-function interrupt: 
prescalar 2 channels (serial interface: 2 
@ 12 kinds of reference frequencies can be selected channels, A/d converter, IF 
using appropriate programs counter and timer overflow) 
@ 2-system error output (EOg9, EO91 and EO 49 @ General-purpose input/output ports 
systems) Input/output port: 48 
On-chip IF counter (AMIFC, FMIFC) Input port: 8 (with 4 on-chip pull-down resistors) 
On-chip 8-bit serial interface Output port: 11 
2 systems with 3 channels: @ On-chip function of parallel interface with the ex- 
2-wire and 3-wire interfaces ternal SRAM 
@ On-chip D/A converter: @ On-chip power-ON reset, CE reset and power failure 
9 bits x 3 channels (PWM output) detection circuit 
Usable as a modulo timer @ CMOS Low power consumption 
@ On-chip A/D converter: 8 bits x 6 channels @ Supply voltage: 5V+10% 
Hardware (32 us) and software conversion @ 80-pin plastic QFP 


Notes on Serial interface: The 2-wire mode corresponds to the I2C-Bus specification from Philips. 
In case of using this interface mode note the following: 


Duties when using I2C bus system 

Purchase of NEC's I2C bus system hardware components conveys a license under the Philips 12C patents rights 
to use this components in an |2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with 12C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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uPD17006 


PIN CONFIGURATION (Top View) 


P3B3/ADC5 164 | O Vpp3 
P3B>/ADCq O eMOS O P3D3/RAMWE 
P3B1/ADC3 O a eae O P3D2/RAMOE 
P3Bg/ADC2 O | O GND3 
ADC, O N-ch open drain | [60] O POA3/SDA 
ADCy O——+1 6 | Bit 1/0 O POA2/SCL 
P1D3/FMIFC O POA1/SCK 
P1D2/AMIFC Ey O POAQ/SO1 
P1D,/TMIN Ey O POB3/S!} - 
P1DQ/FCG O POB2/SCK2 
INT4 O POB1/SO2 
P1C3 0 CMOS O POBo/SI2 
P1C2 O Group !/O O P2Ag/RAMDg 
Vpp1 © 14 | O P2A1/RAMD, 
VCOL O O P2A2/RAMD2 
VCOH O— | 49 | O P2A3/RAMD3 
GND, O | 48 | O P1A9/RAMD4 
E019 O CMOS O P1A,/RAMDs 
EOg9 © Group 1/0 O P1A2/RAMDg 
EOo1 © P1A3/RAMD7 
P3C3 O O P3Ag/RAMAg 
P3C2 O O P3A;/RAMA4 
P3C, O-- O P3A2/RAMA2 
P3Co O P3A3/RAMA3 


LS | 
LS | 
LS 
LS | 
© 
LS | 
Ey 
LS | 
N 
od 
Ls | 
> 
LS | 
LS | 
D 
LS 
~ 
LS | 
LS | 
LS | 


O00 O OO O 5 Bs O O 
N- OO ONW DnaNerFE ZARR OW 
O00 OQ rF AU tO De dDEI et eta 
q@qqdozZoa 220" OS S22 
QoQ 00 % > tI oO x ¥<qaqd€dc€ 
Se. <4 VEE E £ 
ooonora Se) a A - © 
ao aa < a 2.6: a 

at N NN GN 

a Qa a &. «A. 


2-132 


BLOCK DIRAGRAM 


uPD17006 


1/16, Ss 
veoro fo] 


veo. oo] 


XIN1 © 


XOUT1 O 


POAQ/SO1 O 
POA1/SCK1 O 
POA2/SCL O 
POA3/SDA O 
POBO/SI2 O 
POB1/SO2 O 
POB2/SCK2 O 
POB3/SI1 O 


it 


P1AQ/RAMD4 

P1A1/RAMDs5 O 
P1A2/RAMD6 O 
P1A3/RAMD7 O 


P2A9/RAMDo9 O-———— 
P2A1/RAMD1 O 
P2A2/RAMD2 O 
P2A3/RAMD3 © 


P2Bo O 
P2B1 O 
P2B2 O 
P2B3 O—— 


P2Co 

P2C1 O— 
P2C2 Oo ———— 
P2C3 O 


P2D9/RAMA4 
P2D1/RAMAS5 
P2D2/RAMA6 O 
P203/RAMA7 O——— 


P3AQ/RAMAQ O— 
P3A1/RAMA}1 O 
P3A2/RAMA2 
P3A3/RAMA3 O——— 


CPU Clock 


Serial 
1/0 x 


P2C 


P2D 


P3A 


O EO0O 

Ct Unlock ore 
E010 

Control O £010 


“™ 


igi 


P1D3/FMIFC 


IF 
Counter 


896 x 4 bits P1D2/AMIFC 


SYSREG 


P1D1/TMIN 
P1D0/FCG 


P1B1/PWMo 
P1B2/PWM 
P1B3/PWM2 


P1Bo/CGP 


Instruction 
Decoder 


12288 x 16 bits ADCQ 


ADC} 

P3Bo/ADC2 
P3B1/ADC3 
P3B2/ADC4 
P3B3/ADC5 


Stack 
7x 14 bits 


P3CO 
P3C1 
P3C2 
P3C3 


P3D2/RAMOE 
P3D3/RAMWE 


P4A3/RAMA8 


INTO 
INT) 


External RAM 
Controller 


VDD 


GE 


2-133 


NEC 


uPD17P006 


SINGLE-CHIP MICROCONTROLLER 


The uPD17P006 is a 4-bit single-chip CMOS microcontroller for use with a digital tuning system. 
The CPU employs 17K architecture which enables to directly operate a data memory by one instruction and 
to control various operations and peripheral hardware. Each instruction is comprised of one 16-bit word. 


The peripheral hardware incorporates a variety of input/output ports, a serial interface, a clock generator port, 


a prescalar for digital tuning, a PLL frequency synthesizer, a timer for remote controlled decoding, etc. 
To cope with the RDS (Radio Data System) various timer functions, interrupt functions and external SRAM 
interface functions are incorporated. 


Thus, a high-performance, multi-functional digital tuning system can be constructed. 
The uPD17P006 has an on-chip one-time PROM, making it useful for mask ROM product uPD17006” program 
evaluation and small production. 


An easy-to-use incircuit emulator (1E-17K) and an assembler (AS17K) are available as u~PD17PO06 system devel- 


opment tools. 


*: Under development 


FEATURES 


4-bit microcontroller for digital tuning 
Program memory (OTPROM): 

24K bytes (12288 x 16 bits) 
General-purpose data memory (RAM): 

896 nibbles (896 x 4 bits) 
Instruction execution time: 1.78 us 

(when a 4.5 MHz crystal oscillator is used.) 
Stack level: 7 
A set of 46 easy-to-understand instructions 
Decimal operation enable 
12K-step table reference enable 
On-chip PLL frequency synthesizer and 150 MHz 
prescalar 
12 kinds of reference frequencies can be selected 
using appropriate programs 
2-system error output (EOg9, EO91 and EQj9 
systems) 


@ On-chip IF counter (AMIFC, FMIFC) 
® On-chip 8-bit serial interface 


2 systems with 3 channels: 2-wire and 3-wire 
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On-chip D/A converter: 
9 bits x 3 channels (PWM output) 
Usable as a modulo timer 
On-chip A/D converter: 8 bits x 6 channels 
Hardware (32 us) and software conversion 
Also serves as an external event counter. 
Various timer functions 
12-bit modulo timer (remote controlled: 10, 50 ps) 
8-bit modulo timer (RDS clock syncronization: 
10, 100 us) 
8-bit modulo timer (general-purpose: 
10, 100, 500, 1000 us) 
Timer carry (general-purpose: 100 ms) 


® Various interrupts 


External interrupt: 2 channels (INT, INT2 pins) 
Internal interrupt: 4 channels (timer: 3 channels, 
serial interface: 1 channel) 
Dual-function interrupt: 2 channels 
(serial interface: 2 channels, A/D converter, 


IF counter and timer overflow) 


uPD17P006 


® General-purpose input/output ports 
Input/output port: 42 
Input port: 8 (with 4 on-chip pull-down resistors) 
Output port: 11 

@ On-chip function of parallel interface with the 
external SRAM 


PIN CONFIGURATION (Top View) 
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uPD17010 


4-BIT SINGLE-CHIP MICROCONTROLLER 


The pPD17010 is a 4-bit single-chip microcontroller for digital tunign system which incorporates the sprecaler 


operational up to 150 MHz, PLL frequency synthesizer, LCD driver, and IF counter. 


Since the CPU has no accumulator and adopts 17K architecture which may control the data memory directly, you 


can perform very effecient programming. It is necessary to be noted that any instruction is 16-bit length 1 word. 


PLL frequency synthesizer can operate in pulse swallow system and select such high frequency as 50 or 100 kHz, 


which makes it much easier to configure a high-performance tuner. Since it also incorporates 16-bit frequency 


counter, you can use it for the detection of broadcast by counting the intermediate frequency of a tuner. 


IE-17K (incircuit emulator) and AS17K (assembler) are available as well, which are easy-to-use as the tools of 


uPD17010 system development. 


Since One-Time PROM version, »PD17P010: is available as well, it is recommendable for the system evaluation 


when developing the system of 4PD17010 and for its small production. 


“: Under development 


FEATURES 


@ 4-bit single-chip microcontroller for digital tuning 


system 
Program memory (ROM) 
uPD17010: 7932 x 16 bits 
Data memory (RAM) 
* wPD17010: 432 x 4 bits 
Stack level: 9 
Perceptible 35 types of instruction set 
Decimal operational 
Instruction execution time: 4.44 us 
(when connecting a 4.5 MHz crystal resonator) 
On-chip PLL frequency synthesizer and 150 MHz 
prescaler 
12 types of reference frequency selectable by 
program 
On-chip LCD driver (1/2 bias, 1/2 duty, frame 
frequency: 250 Hz) 
On-chip IF counter (AMIFC, FMIFC) 


Notes on Serial interface: 
The 2-wire mode corresponds to the I2C-Bus specification from Philips. 


In case of using this interface mode note the following: 


Duties when using I2C bus system 
Purchase of NEC’s I2C bus system hardware components conveys a license under the Philips 12C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 
Consequently for all ROM based components with 12C hardware circuits the user is kindly requested to notify the 


use of the I2C bus interface at the ROM code verification stage. 
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On-chip 8-bit serial interface (2 systems 3 channels: 
3-wire and 2-wire) 

On-chip 12-bit timer modulo counter 

On-chip 8-bit D/A converter: 3 outputs (PWM) 
On-chip 6-bit A/D converter: 6 inputs 

On-chip service interruption detector and power-on 
reset circuit 

Interrupt (external: 2 systems, internal: 4 systems) 
Various !/O ports available (33 ports (+ 30 ports: 
segment pins)) 

On-chip CGP (Clock Generator Port) 

5V+10% 

CMOS low power consumption 

80-pin plastic OQFP 


uPD17010 


PIN CONFIGURATION (Top View) 
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FUNCTION LIST 


RAM 


432 x 4 bits 


Register file 


Port register 


Serial interface 


41 x 4 bits 


Input/output port : 16 ports 
Input port : 8 ports 
Output port : 9 ports (+30 ports: Segment pins) 


2 systems, 3 channels 8 bits, 3-wire and 2-wire 


Interrupt 


Standby function 


Power supply voltage 


6 channels 
External interrupt : 2 channels 
Internal interrupt : 4 channels 


Timer carry (1 ms, 5 ms, 100 ms, 250 ms) 
Timer interrupt (1 ms, 5 ms, 100 ms, 250 ms) 
12-bit timer modulo counter (10 us, 11.1 us, 333.3 us, 1 ms) 


* STOP, HALT 


Vpp =5V+10% 


Package 


80-pin plastic QFP 
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NE Cc uPD17P010 


4-BIT SINGLE-CHIP MICROCONTROLLER 


y.PD17P010 is the 4-bit single-chip microcontroller for digital tuning system which incorporates the prescaler operational 
up to 150 MHz, PLL frequency synthesizer, LCD driver, and IF counter. 

Since the CPU has no any accumulator and adopts 17K architecture which can control the data memory directly, you can 
perform very efficient programming. It is necessary to be noted that any instruction is 16-bit length 1 word. 

PLL frequency synthesizer can operate in pulse swallow system and select such high frequency as 50 or 100 kHz, which 
makes it much easier to configure a high performance tuner. Since it also incorporates 16-bit frequency counter, you can use 
it for the detection of broadcast by counting the intermediate frequency of a tuner. 

IE-17K (incircuit emulator) and AS17K (assembler) are available, which are easy-to-use as the tools of 1PD17P010 system 
development. 

Since it incorporates One-Time PROM, it is useful for the system evaluation when developing the system of u.PD17010", 
and for small production. 

*: Under development. 


FEATURES 

@ 4-bit single chip microcontroller for digital tuning @ On-chip service interruption detector and power- 
system on reset circuit 

@ Program memory (One-Time PROM): @ Interrupt (external: 2 systems, internal: 4 systems) 
7932 x 16 bits e@ Various I/O ports available (33 ports (+30 ports: 

@ Data memory (RAM): 432 x 16 bits Segment pins)) 

@ Stack level: 9 @ On-chip CGP (Clock Generator Port) 

@ Perceptible 35 types of instruction set @e 5V110% 

@ Decimal operational @ CMOS low power consumption 

@ Instruction execution time: 4.44 us (when connecting @ 80-pin plastic QFP 


a 4.5 MHz crystal resonator) 

@ On-chip PLL frequency synthesizer and 150 MHz 
prescaler 

@ 12 types of reference frequency selectable by pro- 
gram 

@ On-chip LCD driver (1/2 bias, 1/2 duty, frame 
frequency: 250 MHz) 

@ On-chip 8-bit serial interface (2 systems 3 chan- 
nels: 3-wire and 2-wire) 

@ 12-bit timer modulo counter 

@ On-chip 8-bit D/A converter: 3 outputs (PWM) 

@ On-chip 6-bit A/D converter: 6 inputs 
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Interrupt 
Control 


EOO 


EQ1 

COMO 

COM] 
LCDo/POY0O/KSO 
LCD1/POY1/KS1 
LCD2/POY2/KS2 


LCD26/POF9/D4 
LCD27/POF1/D5 
LCD28/POF2/D6 
LCD29/POF3/D7 


P1D3/FMIFC 


P1D2/AMIFC 


P1D0/ADCo 
P1D1/ADC) 
POD9Q/ADC2/MDO 
POD1/ADC3/MD1 
POD2/ADC4/MD2 
POD3/ADC5/MD3 


P1Bo/CGP 


P1B1/PWM 
P1B2/PWM 
P1B3/PWM 


INTO 


O INT1/VPP 


uPD17P010 


FUNCTION LIST 


aiid file 


i came te 


Input port : 8 ports 
Output port : 9 ports (+30 ports: 
Serial interface 


Interrupt 


Segment pins) 


2 systems, 3 channels 8 bits, 3-wire and 2-wire 


6 channels 
External interrupt : 2 channels 
Internal interrupt : 4 channels 


Timer carry (1 ms, 5 ms, 100 ms, 250 ms) 
Timer interrupt (1 ms, 5 ms, 100 ms, 250 ms) 
12-bit timer modulo counter (10 us, 11.1 us, 333.3 us, 1 ms) 


Standby function | +» STOP, HALT 


Power supply voltage 


Vpp =5V 110% 
80-pin plastic QFP 
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SINGLE CHIP MICROCOMPUTER FOR 
PLL FREQUENCY SYNTHESIZER 
BUILT-IN IMAGE DISPLAY CONTROLLER 


MPD17002 is a 4 bits CMOS microcomputer for digital tuning system in single chip incorporating an Image Dis- 
play Controller with various kinds of display capability and a PLL frequency synthesizer. 

CPU has 4-bit parallel addition and substruction instructions, logical operation instructions, bit test instructions, 
carry F/F set and reset instructions, interrupt function, and timer function. Built-in user programable IDC (Image 
Display Controller) controls various kinds of display with easy program. This IC is made of 48 pin plastic shrink 
DIP (Dual In-Line Package) provided with plentiful 1/O (Input/Output) ports controlled by effective input/output 
instructions, serial interface function, 4 bits A/D converter and 6 bits PWM output. 


FEATURES 


@ 4 bits microcomputer for digital tuning system © program memory (ROM): 8 K byte (16 bits x 3 968 steps) 
@ built-in PLL frequency synthesizer @ datamemory (RAM): 4 bits x 336 words 
using prescaler: wPB568 @ stack level: 6 
@ single power supply (5 V +10 %) @ 35 types of understandable instruction 
@ CMOS with low power consumption @ capable of decimal arithmetic 
@ instruction execution time: 2 us (with 8 MHz crystal connected) 
@ IDC (Image Display controller) built-in (user programable) 
° number of display character : 97 characters (max. in one screen) 
* display location : 12 lines x 16 columns 
* number of character types : 120 types 
* character format : 10x 15 dots (capable of fringe function) 
* character color : 8colors 
* character size : 4 types of setting is available independently both for line and column 
(14, 28, 42, 56H) 
®@ built-in 8 bits serial interface (1 system 2 channel: 3 wire and 2 wire system) 
@ built-in D/A converter: 6 bits x 4 (PWM output) 
@ built-in A/D converter: 4 bits x 6 
@ built-in H. Sync. signal counter 
@ built-in commercial power supply frequency counter 
@ built-in power-up detection circuit and power-on-reset circuit 
@ interrupt input for remote control signal (with noise canceller) 
@ plentiful |/O ports input output port : 15 
input port : 4 
output port : 8 


ORDERING INFORMATION 


Order Code Package 
uPD17002CU-XXX 48-pin plastic shrink DIP (600 mil) 


Notes on Serial interface: The 2-wire mode corresponds to the I2C-Bus specification from Philips. 
In case of using this interface mode note the following: 


Duties when using I2C bus system 

Purchase of NEC’s I2C bus system hardware components conveys a license under the Philips 12C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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PIN CONNECTION (Top View) 
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PIN DESCRIPTION 


ae SYMBOL PIN NAME FUNCTION OUTPUT TYPE 


4 bit output port. Latch for Port OC is locat- 
POC3 ed at 72H address of BANK O or BANK 2 of CMOS 
to PORT OC data memory (RAM). 
POCp Output status is unconstant at the initial sil a 
power-on (Vpp). 


4 bit input port. These ports can be used also 


as A/D converter. When used as port, pull- 
down resistor (100 kQQ TYP.) is connected. 


POD3/ADC . 
Ep ae. The built-in 4-bit A/D converters employ the Input with 
eel Ss successive approximation method. pull-down 
1 3 
The A/D converter reference voltage is Vpp. resister 
POD p/ADC2 g DD 


Latch for Port OD is located at 73H address 
of BANK 0 or BANK 2 of data memory 
(RAM). 


VDP (Variable Duty Port) or output port. 
VDP function is to output the pulse of 


N-ch 
open-drain 


D/A 
converter 


15.625 kHz frequency sequently. 
The pulse duty is variable by 66-step program. 


Device power supply pin. This pin supplies 
5 V +10 % while the device is operating with 
full functions. When only CPU operates (PLL 
and IDC stop), 4.0 to 5.5 V is supplied. This 
voltage can be dropped to 2.5 V to hold the 
internal data memory (RAM) with a STOP 
instruction. When the voltage applied to this 
pin changes from 0 to 4.0 V, the device is 
reset and the program starts from address 0 
because the uPD17002 has a power-on reset 
circuit. To operate power-on reset circuit 
normally, the rising time (0>4.0 V) should 

be within 500 ms. 


Input the output of VCO (Voltage Controlled 
Oscillator) after frequency division by the Input 

uPB568 prescaler, that is the output of the (self-bias) 
prescaler. UPB568 is a Two-Modulus prescaler 
with division ratio (1 GHz MAX.). 


Local Oscillator 


Signal Input 
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a SYMBOL PIN NAME FUNCTION OUTPUT TYPE 


PLL error output pin. 

If the frequency obtained by dividing the oscil- 

lation output of VCO is higher than the refer- 

ence frequency, high level is output from this 

pin. Otherwise, low level is output. A floating CMOS 
Error Output - ; 

condition results if the two frequencies are 3-state 

identical. The output is supplied through the 

LPF (Low Pass Filter) to the varacter diodes 

that form the VCO (Voltage Controlled Oscil- 

lator) as a tuning voltage. 


Device ground pin. 
GND Ground ame 
Both pins should be connected to the ground. 


Pin used to output a frequency division ratio 
Pulse Swallowing 
17 PSC 
Control Output 


switching signal to the uPD568. 
i : 


CMOS 
push-pull 


Connected directly to the PSC pin of the 
UPB568. The ratios are 1/128 and 1/136 (or 
1/64 and 1/68). 


Device selection signal input pin. 
This pin must be high level to enable the de- 


vice and low level to disable the device. When 
a STOP instruction in the program is executed 
while the CE pin is low level, the internal 

clock generator and CPU stop, and the memo- 
ry can enter the hold state requiring low power 
consumption. 

STOP instruction is effective only when CE 
pin is low level, and when high level, works as 
same as NOP instruction. When CE pin goes 
to the high level from the low level, the device 
is reset and the program starts from O address. 
When the device is reset, BANK turns 0 and 
1/O port enters the input mode. 


Nour Crystal oscillator connector pin. CMOS 
Xx X‘tal Connect a 8 MHz crystal resonator to this push-pull (Xoyt) 
iN pin. Input (Xypyy) 


4-bit output port. Latch for this port is locat- 
ed at 70H address of e BANK 1 in the data 
memory (RAM). This pin is N-channel open 


drain type. 
(Breakdown Voltage: 12.5 V) 
(Sink Current: 20 mA TYP.) 


21 P1A3 ach 
to to Port 1A ; 
24 PIAo open-drain 
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ES SYMBOL PIN NAME 


Character 


Signal Output 


FUNCTION 


OUTPUT TYPE 


CMOS 


4-bit input output port. The input or output 
state of each bit can be specified in these ports. 
The input and output are set by the P1BBIO 
word (35H) in the resistor file. Latch for 
these ports are located at 71H address of 
BANK 1 in the data memory (RAM). 


push-pull 
(1/0) 


CMOS 
push-pull 


Character data output pins for R. G. B. Active 
high output 


Ea BLANK Blanking Blanking signal output pin to cut video signal. 
Signal Output (Active high output) push-pull 
H. Sync Signal H. Sync. signal input pin for IDC 
oe Hsyne Input (Active low input) 
; V. Sync. signal input pin for IDC (Active low 
35 VsYNC Woe Ynes igre? input). This signal can be used for interrup- Input 
inet tion. 
3-bit input output port or A/D converter pin. 
The input or output state of each 3-bit can 
be set in these ports. The input and output 
are specified by the P1CGIO bit (#0 bit of 
36 P1C3/ADC, 27H) in the resistor file. When used as A/D CMOS 
37 P1Co Port IC converter, input should be specified. Latch push-pull 
38 P1C, for this port is allocated at 72H address of (1/0) 
BANK 1 in the data memory (RAM). 
Port 1C enters into input at initial power-on 
(Vpp), or at clock stop time or at reset time. 
| (CE pin: Low-High) 
The A/D converter input pin. The built-in 
39 ADCo AtyGanveition 4-bit si aeenes employ the successive inpoe 
approximation method. 
The A/D converter reference voltage is Vpp. 
| | 4-bit input output ports. The input or output 
state of each bit can be specified in these ports. CMOS 
The input and output are set by the POBBIO push-pull 
40 | POB3/HSCNT | word (36H) in the resistor file. Latch for (1/O) 
4) POB2/TMIN | these ports are located at 71H address of 
42 POR; POE OB BANK 0 or BANK 2 in the data memory However 
43 POB)/SI (RAM). POB2/TMIN can be used also as an POB3/HSCNT is 


external timer input. 
Interruption starts by the 1/5 or 1/6 of the 
frequency input to this pin. 


2-152 


self biased 
at input. 


NEC 


PIN 
No, | SYMBOL 


POB3/HSCNT 
POB2/TMIN 
POB, 
POB)/SI 


POA3/SO 
POA2/SCK 
POA,/SCL 
POAQ/SDA 
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PIN NAME | FUNCTION OUTPUT TYPE 


Port OB 


Port OA 


Interrupt 
Request Signal 
Input 


Usually commercial power supply frequency 
is input to this pin, and used as reference clock 
for timer. 

POBg/SI pin can be used also as a serial inter- 
face (uCOM standard mode) data input pin. 
POB3/HSCNT pin can be used also as a H. 
sync. signal counter input pin. Therefore this 
pin is self biased (Vpp/2) at any time. Port 
OB turns input at the initial power-on (Vpp) 
or at clock stop time or at reset time (CE pin: 
Low-High). 


4-bit input output port. The input or output 
state of each bit can be specified in these 
ports. The input and output are set by the 
POABIO word (37H) in the resistor file. 

Latch for these ports are located at 70H 
address of BANK 0 or BANK 2 in the data- 
memory (RAM). 

POA3/SO pin can be used also as a serial inter- 
face (uCOM standard mode) data output pin. 
POA2/SCK pin can be used also as a shift 
clock input output pin. 

POAo/SDA pin can be used as a serial interface 
(two wire mode and uCOM standard mode) 
data input output pin. 

POA,/SCL pin can be used as a shift clock 
input output pin. 


Interrupt request signa! input pin with noise 
canceller. This pin makes programming easy 
for a noisy signal such as a remote control 
signal. Program decides if interruption starts 
at rising time or at falling time of input signal 
into this pin. |EDG1 flag reset enters into 
interruption at rising time. |EDG1 flag set 
enters into interruption at falling time. At 
reset time (CE pin: Low-High), |EDG1 flag 
is reset and interruption starts at the rising 
edge. 
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CMOS 
push-pull 
(1/0) 


However 
POB3/HSCNT is 
self biased 
at input. 


POA3/SO 
POA2/SCK 


CMOS 
push-pull 
(1/0) 


POA1/SCL 
POAg/SDA 


N-ch 
open-drain 


(1/0) 
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INPUT/OUTPUT CIRCUITS 


POA (POA3/SO, POA2/SCK) 
POB (POB;, POBod/S!) 

P1B (P1B3, P1B2, P1B;,P1Bo) 
P1C (P1C3/ADC;, P1C2, P1C;) 


IN/OUT 


POA (POA1/SCL, POAg/SDA) 


IN/OUT 


POC (POC3, POC2, POC;, POCo) 
RED, GREEN, BLUE, BLANK, PSC 
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PWM (PWM3, PWM2, PWM, PWMo) 
P1A (P1A3, P1A2, P1Ay, P1Ago) 


OUT 


— 


POD (POD3/ADCs, POD2/ADC4, POD;/ADC3, PODp/ADC2) 


IN 
(High ON Register) 
ADo 
IN 
POB3/HSCNT 
18 P-ch 
IN/OUT oO a 


TT N-ch 
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POB3 


HSCNT 


uPD17002 


POB2/TMIN 


POB2 


IN/OUT O TMIN 


Hsync,. Vsync, INTnc, CE 
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ELECTRICAL CHARACTERISTICS (TARGET SPEC) 


ABSOLUTE MAXIMUM RATINGS 


CHARACTERISTICS SYMBOL RATING UNIT 
Supply Voltage Vop —0.3 to +6.0 V 
Input Voltage Vi —0.3 to Vpp V 
Output Voltage Vo —0.3 to Vpp V 
Output Sink Current lo 10 (except P1A) mA 
Output Breakdown Voltage Veps 13 (P1A, PWM) V 
Operating Temperature Tg —20 to +70 °C 
Storage Temperature Vstg —55 to +125 “G 


RECOMMENDED OPERATING CONDITIONS 


[CHARACTERISTICS [svMaOL | win | TYP. [WAX [UNIT | CONDITION 


; 


Data Retention | ; 
Voltage rystal oscillation stopped 
Output Breakdown 
P1A, PWM 
Voltage 
BUPPRY Voltage 
Yop: : ~ a” : 
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DC CHARACTERISTICS (T, = —20 to +70 °C, Vpp = 4.5 to 5.5 V) 
CHARACTERISTICS 
Supply Current 
Supply Current 


High Level 
Input Voltage 


High Level 
Input Voltage 


Low Level 
Input Voltage 


Low Level 
Input Voltage 


High Level POAz, POA3, POB, POC, P1B, P1C, 
RED, GREEN, BLUE, BLANK 
Output Current Von=Vpp—1 V 
POA, POB, POC, P1B, P1C, RED, 


GREEN, BLUE, BLANK, PWM 
Output Current Vol =1V 


Low Level 


Low Level 
Output Current 


High Level 
Input Current 


Data Retention A Crystal oscillation stopped 
Current . (T,=25 “C) 


Output Leakage 
Current 


CHARACTERISTICS 
Input Frequency frmMrR 
Input Frequency 
IDC Jitter 
IDC H. SYNC 
Start Position 

IDC 1. SYNC 

Start Position 


A/D CONVERTER CHARACTERISTICS (T, = —20 to +70 °C, Vpp = 4.5 to 5.5 V) 


CHARACTERISTICS | SYMBOL | MIN. | TYP. | MAX. UNIT CONDITION 
Ipeneoanainten +1/2 +1 | LSB | Ts=-10 to +50°C 
Absolute Accuracy 
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uPD17002 INSTRUCTION SET 


Instruction Table 


bw baba foe] Od 
foo 0 00) Ab em = ADD 
foo ott) sem Sm 
72 | A006 em 


MOVT DBF, @AR 
BR @AR 
CALL @AR 
RET 
RETSK 


addr CALL addr _ (page 0) 


BR addr (page 1) 


(page 0) 
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Instructions 
NOTE 
M : One of Data memory specified by [(BANK), m] PE : Peripheral 
m : Data memory address specified by [my, mi] of P : Peripheral address 
each bank Py : Peripheral address high 
MH : Data memory address high (Row address); 3 bits PL : Peripheral address low 
ML : Data memory address low (Column address); 4 PC : Program memory counter 
bits SP : Stack pointer 
R : One of General register specified by [(RP), r] STACK _ : Stack of (PC), (BANK), (IXE) 
r : General register address low; 4 bits STACKpc: Stack of (PC) 
RP : General register pointer BANK _ : Bank register 
RF : One of register file specified by rf (ROM) pc : One of Program memory data specified by (PC) 
rf : Register file address specified by [rf rf] INTEF _ : Interrupt enable flag 
rfy : Register file address high SGR : Program memory segment register 
rf : Register file address low i : Immediate data; 4 bits 
AR : Address register n : Bit position; 4 bits 
IX : Index register addr : One of program memory address; 11 bits 
IXE : Index enable flag CY : Carry flag 
DBF : Data buffer c : Carry 
WR | Window register b : Borrow 
MP : Memory pointer h : Halt release conditions 
MPE : Memory pointer enable flag [ : Address of M, R, RF 
( 


Addition 


Subtraction 


Comparison 


—_— w 


: Contents of M, R, RF, AR, |X, DBF, WR, PE 


Operation Op. 


code 


Add D | 
dd Data memory to Genera (R), (CY) <— (R) + (M) 


3 
= 


register 


r,m 
: Add immediate data to Data 
m, #i mienity (M), (CY) —(M) +i 
Add Data memory to General 
register with carry 


m, #i Add immediate data to Data (M), (CY) — (M) +i + (CY) 


memory with carry 


AR Increment Address register (AR) — (AR) +1 
1X Increment Index register (IX) — (IX) +1 


Subtract Dat f 
ie ubtr ata memory from (R), (CY) — (R) — (M) 


jo) 

jo) 

c=) 
‘EL Eiee 


a 


a 
= 


[= {~ ia ~ ~ - - 


8 
8 


General register 


Subtract immediate data from . 
Data memory 


Subtract Data memory from 
ee (R), (CY) — (R) — (M) — (CY) 
General register with borrow 


Subtract immediate data from (M), (CY) —(M) —i — (CY) 


3 
= 


Data memory 


Skip if Data memory equals } — 
; : (M) —i & skip if zero 
immediate data 


x= 
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Operand Operation 
Logic AND of Data memo 
ai i (M) —(M) AND i me 
and immediate data 
os Logic AND of General register (R) —(R) AND (M) 00100 pm fom |e 
and Data memory 
f 
Logic OR of Data memory and (M) < (M) OR i rik: 
immediate data 
Logic OR of General registe 
oe oa (R) — (R) OR (M) me 
and Data memory 
| L f Dat: 
Exclusive Ove ee ata (M) <(M) XOR i ri. 
memory and immediate data 
Exciusive Logic OR of General 
c (R) —(R) XOR (M) me 
register and Data memory 
Load Data memory to General 
register 
Store General register to Data 
(M) <— (R) 
memory 


Move Data memory to Destina- 


Logical operation 


if MPE=1 : [(MP), (R)] + (M) 
if MPE=O : ((my), (R)}] <— (M) 


tion data memory referring to 
General register 


Move Source data memory re- 


if MPE=1 : (M) + [(MP), (R)] 


ferring to General register to 
erring to General register if MPE=0 : (M) — [(my), (R)] 


Data memory 


Move immediate data to Data 
memory 


(STACKpe) + (PC) & 
(PC) « (AR) & 
(DBF) < (ROM)p¢ & 
(PC) < (STACKpe) 


Move Program memory data 


specified by Address register to 
Data buffer 


Transfer 


mie 
(SP) « (SP) —1 & 


Decrement Stack pointer, then 
PUSH AR : 
move Address register to Stack (STACKpe) + (AR) 
Move Stack to Address register, (AR) « (STACKpe) & 
then increment Stack pointer (SP) <— (SP) +1 
Get data of Register file to 
. (WR) < (RF) 
Window register 


Put data of Window register into 
PCKE ° (RF) < (WR) 00111 
Register file 
Get peripheral data to Data 
pee oer) oer) 
buffer 


Put data of Data buffer to peri- 
p, DBF as (PE) — (DBF) 

pheral 
Test Data memory bits, then 

ila i if (M)py = all 1", then skip 
skip if all bits specified are true 

Test Data memory bits, then 

f if (M)p = all ‘0’, then skip 
skip if all bits specified are false 
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Operand Operation Op. 
code 


Jump to the address in page 0 (PC) < addr & (PC)#44 <0 01100 
addr addr (11 bits) 
3 Jump to the address in page 1 (PC) «addr & (PC)*44 <1 01101 
=] ogs 
J to the add fied 
5 ump to the a ress specifi (PC) — (AR) 
by Address register 
c 
¢ RORC ine General register right 
with carr | 
G rset tg 
(SP) (SP) —1 & 
Call subroutine in page O (STACKpe) < ((PC) + 1) & addr (11 bits) 
(PC) 444 <0 & (PC) « addr 
CALL 
(SP) — (SP) —1 & 
Call subroutine (STACK pc) < ((PC) + 1) & 00111 
rs (PC) + (AR) 
2 —_ Return i main routine from (PC) « (STACKpc) & ee 
1s subroutine (SP) — (SP) +1 
77) 


aoe Return to main routine from (PC), (BANK), (IXE) — (STACK) 
interrupt service routine & (SP) — (SP) +1 


er Enable interrupt INTEF <1 00111 
Stop clock if CE = low stop clock if CE = low 00111 


Halt the CPU, Restart by a 
a 
condition h 


Disable interrupt INTEF <0 
STOP 


HALT 


Return to main routine from (PC) < (STACK...) & 
RETSK subroutine, then skip uncondi- ~ gi 
; (SP) — (SP) + 1 & skip 
tionally 
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BUILT-IN IMAGE DISPLAY CONTROLLER 


The uPD17P008 is a 4 bits CMOS microcontroller incorporating One Time PROM, 2K bits EEPROM, Image 
Display Controller (IDC) and PLL frequency synthesizer into one chip for digital tuning of PLL frequency syn- 


thesizer system of TV. 


Image Display Controller has various display function showing not only letters but also drawings. 


Fonts of IDC are selected by user’s program and effective debugging can be realized by actual indications from 


the beginning of software development. 


In addition, Hsync. counter for station detection and serial interface for communication with other peripheral 
devices are incorporated, also 4 bits A/D converter 8 bits D/A converter (PWM output) and 6 bits D/A converter 


(PWM output) are incorporated. 


CPU applies uPD17000 architecture which operates data memory directly without accumulater, and it realizes 


effective programming. 


All instructions consist of 16 bits one word. 


One Time PROM makes it perfect for system evaluation or small lot production of the mask ROM products 
uPD17008. 
Package type is 64-pin plastic shrink DIP (Dual In-Line Package). 


FEATURES 


4 bits microcontroller for digital tuning system 
program memory (ROM): 
32K byte (16.256 steps x 16 bits) 
data memory (RAM): 672 words x 4 bits 
stack level: 7 
36 types of understandable instruction 
capable of decimal arithmetic 
instruction execution time: 
2 us (with 8 MHz crystal connected) 
built-in PLL frequency synthesizer 
using 1 GHz prescaler: uPB568 
IDC (Image Display Controller) built-in 
(user programmable) 
@ number of display character: 
200 characters (max. in one screen) 
e display location: 14 lines x 19 columns 
e number of character types: 248 types 
e character format: 
10 x 15 dots (capable of fringe function) 
2-dot space between characters can be set. 
e character color: 8 colors 
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e character size: 
4 types of setting is available independently 
both for line and column (14, 28, 42, 56H) 
built-in circuit to prevent 1-dot vertical flicker. 


@ built-in 8 bits serial interface: 


(1 system 2 channels: 3 wire and 2 wire systems) 
built-in D/A converter: 6 bits x 6 ch (PWM output) 
: 8B bits x 9ch (PWM output) 
built-in A/D converter: 4 bits x 8 ch 
built-in H. Sync. signal counter 
built-in commercial power supply freq. counter 
built-in power-up detection circuit and power-on 
reset Circuit. 
interrupt input for remote control signal 
(with noise canceller) 
plentiful 1/O ports: input output port: 16 
input port : 4 


output port : 25 


@ single power supply (5 V + 10 %) 


CMOS with low power consumption 
64-pin plastic shrink DIP (600 mil) 
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PIN CONFIGURATION (Top View) 
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NV. E Cc uPD17051 


SINGLE-CHIP MICROCONTROLLER FOR VOLTAGE SYNTHESIZER 
WITH ON-CHIP IMAGE DISPLAY CONTROLLER 


The uPD17051 is a 4-bit CMOS microcontroller for digital tuning systems with an on-chip image display 
controller (IDC) allowing various kinds of display and 14-bit D/A converter for voltage synthesizer use. 

The CPU features include 4-bit parallel addition, logical operations, multiple bit testing, carry flag setting/ 
resetting, powerful interrupt functions and timer functions. 

The on-chip user-programmable image display controller for on-screen enables easy program control of 
various kinds of display. 

The uPD17051 comes in 48-pin plastic shrink DIP form, and has a wide range of I/O port and serial interface 
functions controlled by powerful input/output instructions, plus a 4-bit A/D converter and 6-bit PWM output. 


FEATURES 

e 4-bit microcontroller for digital tuning systems 

e On-chip 14-bit D/A converter for voltage synthesizer 

e Programmable memory (ROM) : 16K bytes (8192 steps x 16 bits) 
e Data memory (RAM) : 448 words x 4 bits 

e Stack levels : 6 


e 35 easy-to-understand instruction sets 

e Decimal operation capability 

e Instruction execution time >: 2 us (with 8 MHz oscillator connected) 

e On-chip IDC (user-programmable) 
Display capacity : Max. 97 characters per screen 
Display positions : 14 rows x 19 columns 
Character set : 128characters (64 simultaneously usable per screen) 
Character format : 10 x 15 dots (bordering capability) 
Colors : 8 
Character size : 4 independent vertical/horizontal settings 

(15, 30, 45, 60 H) 


(2.5, 5.0, 7.5 10 us) 
e On-chip 8-bit serial interface 
(1 system: 3-wire or 2-wire) 
On-chip D/A converter : 6 bits x 3 (PWM output) 
On-chip A/D converter : 4bits x8 
On-chip horizontal synchronization signal counter 
On-chip commercial power supply frequency counter 
On-chip power outage detection circuit and power-on reset circuit 
Remote control signal interrupt input (with noise canceler) 
e Many I/O ports 


Input/output ports > 16 

Input ports ; 5 

Output ports : 10 
e 5V+10% 


e Low power consumption CMOS 


ORDERING INFORMATION 


Order Code Package 


uPD17051CU-xxx 48-Pin Plastic Shrink DIP (600 mil) 


Notes on Serial interface: The 2-wire mode corresponds to the |2C-Bus specification from Philips. 
In case of using this interface mode note the following: 


Duties when using I2C bus system 

Purchase of NEC’s I2C bus system hardware components conveys a license under the Philips 12C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 
use of the |2C bus interface at the ROM code verification stage. 
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FUNCTIONAL OUTLINE 


Program memory 


System registers 


fe twords CC 
16 


General-purpose ports e Input/output ports : 
e Input ports ; 5 
e Output ports 10 


e Display capacity 97 characters per screen 

e Display positions : 14 rows x 19 columns 

e Character set : 128 characters (user-programmable) (64 
different characters simultaneously display- 
able per screen) 

e Character format : 10x 15 dots 

e Colors : 8 

e Character size : 4 vertical 

(15, 30, 45, 60 H) 

4 horizontal 

(2.5, 5.0, 7.5 10 ps) 

Independent vertical/horizontal setting 

capability 


e 16K bytes (8192 steps x 16 bits) 
Table reference area : 256 steps 
CROM dual-function area : 2048 steps 


448 words (448 words x 4 bits) 
Data buffer : 4words 
General-purpose registers: 16 words 
VRAM dual-function area : 224 words 


IDC (Image Display Controller) 


Serial interface e 1 system (2 channels) 


8-bit 3-wire: 1 channel 
8-bit 2-wire: 1 channel 


e 14-bit x 1 (PWM output, Max. 12.5 V withstand voltage) 
e 6-bit x 3 (PWM output, Max. 12.5 V withstand voltage) 


e 4-bit x 8 (software-driven successive approximation method) 
Interrupts e 4channels (maskable interrupts) 
External interrupts: 2 channels (RMC pin, Vsync pin) 
Internal interrupts: 2 channels (timer, serial interface) 
Timer e 2systems 
Internal timer : 5, 20, 100 ms 
External timer : 1/5, 1/6 frequency input to P1B3/TMIN pin 
Reset e Power-on reset (on powering-on) 
e Reset by CE pin (CE pin: Low — high) 
e Power outage detection function 
Supply voltage 5V+10% 
48-pin plastic shrink DIP (600 mil) 


D/A converter 
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PIN CONFIGURATION (Top View) 
PoC; O 1 — —Q ADCo 
POC: O 2 O P1C/ADC: 
Poc,; O 3 OQ P1C2/ADC2 
POC. O 4 © P1C:/ADC: 
POD:/ADC, O 5 © POAdSDA 
POD/ADCs O 6 © POA/SCL 
POD/ADCs O 7 © POA/SCK 
POD/ADC. O 8 © POA:/SO 
P1D3 O 9 © POBd/SI 
P1D: O 10 5 O POB 
0 
P1D; O 11 = © POB: 
So 
PIDs © 12 = © POB:/HSCNT 
2) cee 
Voo © 13 oni 
x — 
CE O 14 x Pee 
RMC O x © BLANK 
GND O © BLUE 
P1iA3: O © GREEN 
P1A2 O © RED 
PIA, © ©) PWMawme 
P1Ao © PWMo 
Xour O QC PWM: 
Xn CO O PWM: 
P1B:/TMIN O OQ P1Bo 
P1B2 © © PiB 
ADCo to ADC? A/D converter inputs SDA Data input/output 
CE Chip enable POAo to POA: Port OA 
RMC Interrupt signal input POBo to POBs Port 0B 
Xin, Xout Oscillator POCo to POC: Port OC 
TMIN External timer input PODo to POD: Port 0D 
PWMo to PWM2 D/A converter outputs P1Ao to P1A3 Port 1A 
PW Mame Station selection D/A converter output P1Bo to P1Bs Port 1B 
RED Character signal output P1Co to P1C3 Port 1C 
GREEN Character signal output P1Do to P1Ds Port 1D 
BLUE Character signal output Voo Power supply 
BLANK Blanking signal output GND Ground 
Hsync Horizontal synchronization signal input 
VsyNc Vertical synchronization signal input 
HSCNT Horizontal synchronization signal counter input 
S| Data input 
SO Data output 
SCK Shift clock input/output 
SCL Shift clock input/output 
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1. PIN FUNCTIONS 


1.1 SUMMARY OF PIN FUNCTIONS 


| PINNo. | SIGNAL | PINNAME DESCRIPTION OUTPUT TYPE 


POC3to 
POCo 


POD3/ADC7 
POD2/ADCe 
POD1/ADCs 
PODo/ADCs 


P1D3to 
P1Do 


Chip enable 


4-bit output port. Port OC latch is located in 
address 72H of data memory (RAM) BANKO or 
BANK2. 

Output status is undefined after power-on re- 
set. 


4-bit input port or A/D converter input pins. 
When used as a port, a pull-down resistor (100 
kQ TYP.) is attached. Port OD latch is located in 
address 73H of data memory (RAM) BANKO or 
BANK2. 


4-bit output port. Port 1D latch is located in 
address 73H of data memory (RAM) BANK‘1 or 
BANK3. 

Output status is undefined after power-on re- 
set. 


Device power supply pin. 

Supplies 5 V +10 % voltage when all functions 
are operated. When IDC is not used, device 
operations on 4 to 5.5 V. When RAM data is 


retained (when clock oscillation is stopped) | 


voltage can be reduced to approx. 2.2 V. 

As the PD17051 incorporates a power-on 
reset circuit, a0 — 4.0 Vtransition effects a sys- 
tem reset and the program starts at address 0. 
To ensure proper operation of the power-on 
reset circuit, the rise time from 0 to 4.0 V 
should be within 500 ms. 


Device selection signal input pin. Driven high 


when the device is operated normally, andlow | 


when the device is not used. 


When this pin is low, execution of the STOP 


instruction stops clock oscillation, allowing 


CMOS push-pull 


Input (with pull- 
down resistor) 


CMOS push-pull 


low-current-consumption backup. The STOP | 


instruction is only effective when the CE pinis | 


| tically to.an NOP instruction. This pin has a | 


dual function as a reset pin; A low-to high 
transition of the CE pin resets the device and 
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| low; when high, this instruction operates iden- | 


| 


| 
| 
| 
| 
| 
| 


uPD17051 


SIGNAL PIN NAME DESCRIPTION OUTPUT TYPE 


Chip enable | the program starts from address 0. When the 
device is reset, bank 0 is selected and I/O ports 
are placed in input mode. Note however that 
a low-level signal of 188 us or less is not 
acknowledged. 


Interrupt input pin with noise canceler. Input 


Using this pin for noisy signals such as re- 
mote control signals facilitates programming. 
Whether an interrupt is generated on the rise 
or the fall of the input signal to this pin can be 
specified by the program. An interrupt is 
generated on a rise when the IEDG1 flag is 
reset, and on a fall when this flag is set. 

In a CE reset the IEDG1 flag is rest, and an 
interrupt is thus generated on a rise of the 


Interrupt 
signal 
input 


CE 
RMC 


17 to P1A3to Port 1A 4-bit output port. Port 1A latch is located in 
20 P1Ao address 70H of data memory (RAM) BANK1 
or BANKS. 
N-ch open-drain type (medium voltage, high 
current). 


Xout Oscillator Ceramic oscillator or crystal resonator con- 
22 XIN 


: 


signal 


N-ch open-drain 


CMOS push-pull 
(Xout) Input (Xin) 


nection pins. 
An 8MHzoscillator/resonator should be used. 


4-bit input/output port. These port pins can be 
specified as input/output bit by bit. 
Input/output setting is performed by the 
P1BBIO word (35H) in the register file. The 
latch for this port is located in address 71H of 
data memory BANK1 or BANK3. 

P1B3/TMIN can also be used as the external 
timer input. Interrupts can be generated at 1/ 
5 or 1/6 the frequency input to this pin. 
Normally the commercial power supply fre- 
quency is input to this pin and used as the 
basic clock for the clock. 


CMOS push-pull 
(I/O) 


P1B2 
P1Bi 
P1Bo 
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| PINNo. | SIGNAL | PINNAME DESCRIPTION OUTPUT TYPE 


27 PWM2 D/A con- VDP (Variable Duty Port) or 1-bit output ports. | N-ch open-drain 
28 PWM verter The VDP function outputs consecutive 15.625 
29 PWMo kHz pulses, and the duty of these pulses can 


be varied by the program in 64 steps. 


PW Mame Station 
selection 
D/A con- 


verter out- 


Voltage synthesizer 14-bit D/A converter out- | N-ch open-drain 
put or 1-bit output port. Tlie D/A converter 


outputs pulses combining 9-bit PWM and 5- 
bit RMP (Rate Multiplier). 
Therefore, D/A conversion can be performed 


put 
by external connection of a simple CR filter. 
Outputs a low-level signal after power-on 
reset or when clock is stopped. 


Output pins for character data corresponding | CMOS push-pull 
to R, G, B. 


Active-high output. 


Character 


signal 


outputs 


Blanking 
signal 


Output pin for blanking signal cutting video | CMOS push-pull 


signals. 


output Active-high output. 


Input pin for horizontal synchronization sig- | Input 
nal for IDC. 
Use active-low input. 


Horizontal 
synchroniza- 
tion signal 

input 


Vertical syn- | Input pin for vertical synchronization signal 
for IDC. 


Use active-low input. This pin can be used to 


chronization 
signal input 


effect interrupts. 


CMOS push-pull 
(I/O) But note 
that HSCNT is 
self-bias in input 
mode. 


4-bit input/output port. These port pins can be 
specified as input/output bit by bit. Input/ 
output setting is performed by the POBBIO 
word (36H) in the register file. The latch for 
this port is located in address 71H of data 
memory BANKO or BANK2. 

The POBo/SI pin can also be used as the serial 
interface (serial |/O mode) data input pin. 
The POB3/HSCNT pin can also be used as the 
horizontal synchronization signal counter 


POBo/SI 


input pin, in which case self-bias (Vop/2) is 
applied to the HSCNT pin. 

Port OB is set to input mode after a power-on 
reset, when the clock is stopped, or after a CE 
reset. 
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| PINNo. | SIGNAL | PIN NAME DESCRIPTION OUTPUT TYPE 


POA3/SP 4-bit input/output port. These port pinscan be | POA3/SO 
POA2/SCK specified as input/output bit by bit. Input/ | POA2/SCK 
POA1/SCL output setting is performed by the POABIO | CMOS push-pull 


POAo/SDA word (37H) in the register file. The latch for 
this port is located in address 70H of data 
memory BANKO or BANK2. 


The POA3/SO pin can also be used as the serial 


(1/0) 
POAV/SCL 
POA0/SDA 
N-ch open-drain 
(I/O) 


interface (serial I/O mode) data output pin, 
and the POAz’SCK pin can be used as a shift 
clock input/output pin. 

The POAo/SDA pin can be used as a serial 
interface (2-wire mode and serial I/O mode) 
data input/output pin, and the POA1/SCL pin 
can be used as a shift clock input/output pin. 


P1C3/ADC3 
P1C2/ADC2 
P1CV/ADC1 


3-bit input/output port or A/D converter input 
pins. Input/output setting is performed as a 3- 
bit unit, and is specified by the P1CGI0 bit (bit 
#0 or 27H) inthe register file. When used as A/ 
D converter pins, input must always be speci- 
fied. The latch for this port is located in ad- 
dress 72H of data memory BANK1 or BANKS. 
Port 1C is set to input mode after a power-on 


CMOS push-pull 
(I/O) 


reset, when the clock stopped, or after a CE 
reset. 


A/D con- 
verter input 


A program-driven successive approximation 
4-bit A/D converter is incorporated. The A/D 
converter reference voltage is Vop. 
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1.2 PIN EQUIVALENCE CIRCUITS 


POA (POA3/SO, POA2/SCK) 

POB (POB2, POB:1, POBo/S!) 

P1B (P1Bz, P1B1, P1Bo) 

P1C (P1C3/ADCs, P1C2/ADC2, P1C1/ADC1) 


(Input/output) 


AD Converter (PIC/ADC Only) 
Voo 


RESET (Except PIC) 
Read Instruction (PIC Only) 


i 
| 


POA (POA1/SCL, POA0/SDA): = (Input/output) 


Voo 


7 
3 


i 
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POC (POC3, POC2, POC:, POCo) 
P1D (P1D3, P1Dz, P1D1, P1Do) (output) 
RED, GREEN, BLUE, BLANK 


PWM (PWMz2, PWM:, PWMo, PWMane) 


t 
P1A (P1As, P1Az, P1A1, P1Ac) } a 


ee 


POD (P0D3/ADC7, POD2/ADCe, POD1/ADCs, PODo/ADCas): (Input) 


at 


Resistor 


7 


ADCo: (Input) 
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POBs/HSCNT: (Input/output) 


Voo 


RESET 
Voo Port 
Voo 
al Horizontal 
O 4 Synchronization 
Signal Counter 
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P1B3/TMIN: (Input/output) 


RESET 


Voo Port 


Voe 


Timer/ 
Counter 


os 


>o 


Hsync, Vsync, RMC, CE: (Schmitt triggered inputs) 


Vo> 
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XIN: (Input) 
Xout: (Output) 
ae 
in Vop 
y 
Xin 
Xour 
TO 
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2. BLOCK DIAGRAM 


Hsync 


Vsync 


RED 
GREEN 
BLUE 
BLANK 


POAo/SDA 
POA/SCL 
POA2/SCK 
POA3/SO 
POBd/S! 


POB 
POBz 
POB3/HSCNT 


POCo 
POC: 
POC2 
POC3 
PODo/ADCa 
PODW/ADCs 
POD2/ADCs 
POD3/ADC7 
P1C/ADCi 
P1C2/ADC2 
P1C3/ADC3 


ADCo 


P1Ao 
PiAi 
P1A2 
P1A3 


o> 
O 
oe IN wmf 
©) 
: oc K_) 
~ O 
RAM a 
448 x 4 bits —_—, P1B 5 
XQ a O 
ae ii 
O Serial a) 
cron > a 
i 0 
roa ( 
—_— PID 
O 
C POB 5 
O 
~ [syne CounterK—) ROM (Netter <j O 
8192 x 16 bits irover 
O 
O 
e POC Instruction 
O Decoder 
0 LI a 
: (2 Peesrem Courier ; 
pee 
——_ Stack — 
6 x 13 bits 
oO 
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PWMame 
PWMc 
PWM: 
PWM: 


P1Bo 
P1B: 
P1B: 
P1B3/TMIN 


GND 


uPD17051 


22. uPD17051 INSTRUCTIONS 


22.1 INSTRUCTION SET LIST 
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22.2 INSTRUCTION LIST 


Legend 


SP 
STACK 
STACKpc 
BANK 
(ROM)pc 
INTEF 
SGR 


Data memory indicated by [(BANK), m] 
Data memory address indicated by [mx, mi] 
Data memory row address (3 bits) 

Data memory column address (4 bits) 
General register indicated by [ (RP), r] 
General register column address (4 bits) 
General register pointer 

Register file indicated by rf 

Register file address indicated by [rfx, rf.) 
Register file address (most significant 3 bits) 
Register file address (least significant 3 bits) 
Address register 

Index register 

Index enable flag 

Data buffer 

Window register 

Data memory row address pointer 

Memory pointer enable flag 

Peripheral register 

Peripheral address 

Peripheral address (most significant 3 bits) 
Peripheral address (least significant 4 bits) 
Program counter 

Stack pointer 

Stack value indicated by stack pointer 
Program counter value indicated by stack pointer 
Bank register 

Program memory data indicated by (PC) 
Interrupt enable flag 

Program memory segment register 
Immediate data (4 bits) 

Bit position (4 bits) 

Program memory address (11 bits) 

Carry 

Borrow 

Halt release condition 

Data memory or register address 

Data memory or register value 
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uPD17051 NEC 
al ne 
RARE 


[90000 [| me | om 
r, m (R)<—(R) + (M) 00000 mH ML r 
een | (MD FI 
(R)—(R) + (M) + c 00010 

ix [wommorr i |e | 

rm (R)—(R) — (M) 

: ern 

: 1001 

uo 

901 

20100 | 

90100 

_ ton 

90110 

10101 


0000 
0000 


Suptract 


, 
(M)— i, skip if zero 01001 
(M)— i, skip if not borrow 

(M) — i, skip if borrow 11011 


m, #i 
m, #1 (M) --i, skip if not zero 


— 
— 
o 
oOo 
— 
e 
=>} 


(M)<—(M) AND i 10100 
AND 
(R)<—(R) AND (M) 00100 
Tr, m 


(R)<—(R) OR (M) 
m, #1 (M)<—(M) XOR i 


XOR 


if MPE=1:|(MP), (R)]—(M) 
if MPE=0: [(mu), (R) ]—(M) 


Logical operation 


if MPE=1: (M)<[(MP), (R) | 
if MPE=0: (M)+[(mu), (R) | 


fe rACKres=(PC), (PC)-(AR); 
(DBF) —(ROM) rc, (PC)—(STAC Kec) 


aAR 


Transfer 
= 
@ 
= < 
a) 
¥ 


(oP}*=(SP) — 1, 


(STACKrc)—(AR) 
(AR)—(STACKpc), 


Taam [or a 
oan om | 
(RF) —(WR) 


*: 2 machine cycles (equivalent to 2 instructions) are necessary for the execution of MOVT instruction. The stack is 


(oP P(SP)-1 


(WR) <—(RF) 


p, DBF 


temporarily used for instruction execution. 
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Machine Code 
Mnemonic Operand Operation Operation 
Ede | 


ee if(M),=all “07, then skip 11111 


(PC)+ addr, (PC) 249, # + 00 | | 01100 | 

(PO) addr. (PO) Sy, 201 01101 
addr 

(PC)+ addr. (PO) yy, #1% 10 01110 

(PO) addr, (PO Sp, 2-1 01111 


BR 
ae ane <5 
i+ (R) =, (R) 2,7 (R) 2,7 (R) = 


(SP)=(SP)=— 1, (STACKrc)—t(PC)}+ 1) 
addr 


| (PO) 0. (PC) <— addr 
CALL 


Instruction 


addr (least 
addr significant 
11 bits) 


11100 addr (11 bits) 
0101 0000 


0000 


0000 


0000 


0000 
1111 0000 
0000 


Branch 


Shift 


(SP)—(SP)- 1, (STACKre)*: (CPC) + 7) 
(PC)}—(AR) 
(PC)=—(STACKrc). (P-GP) + I 


- 
~ 
~= 

~ 
= 
pan) 
= 
- 
‘= 
Co 

_ 
~ 

. 

St. 


(PC)+-(STACK prc), 
(SP)— (SP) + J,. and skip 
(PC), {BANK (XEIM-(STACK), 
(SP)—(SP) + ] 


RETSK 


is ihr =) 
IX TEP 0 


RC 
RET 
Sk 
RET] 
El 
1D] 


Interrupt 


0011] 001 


stop clock if CE = low 


00111 011 


Others 


No operation 10 


— 
ae 
— 
— 
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22.3. INTRINSIC MACRO INSTRUCTIONS 


The following macro instructions are available as intrinsic macro instructions for the 17K series assembler 
(AS17K). For details, refer to the Assembler User’s Manual. 


Legend 

flag : One of flag to flagn 

flag1 to flagn : Flag name indicated by the reserved word 
n : Number 

<> : Omissible 


[Piven] Omen 
if (flagl) — (flagn) = all “1”, then skip 
if (flagl) — (flagn) = all “0”, 
SnS4 | lagh) ~ Gaga) 1 


if (flag) ="0", then (flag)«-1, 
lif (flag)="17, then (flag) <0 


then skip 


NOTn flagl, -:: flagn 


<NOT>flagl, 
+ <NOT>flagn 


if description= NOT flag, (flag) <0 
INITFLG 


Intrinsic Macro Instructions 


if description= flag, (flag)<—1 


(BANK)<n 
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23. RESERVATION SYMBOLS FOR ASSEMBLER 


uPD17051 


yHPD17051 reservation symbols for use of an assembler are shown below. 


23.1 SYSTEM REGISTER (SYSREG) 


Reserved T Wacace 
Word ype ress 


R3 

R2 
L 

E 


A 
A 


MPH MEM |0.7AH Data memory row address pointer high 
MPE 0.7AH.3 Memory pointer enable flag 
IAM MEM 1 0.7BH R W | Index register middle 


sre [otc 


R W | Data memory row address pointer low 


IXH MEM |0.7AH Index register high 


R W |] Index register low 


R We] General register pointer high 


R W =| General register pointer low 


R W >] Program status word 


R W | BCD flag 


RPH MEM | 0.7DH 


(.7EH.0 

0.7FH.3 R W_ | Compare flag 

U7 FH.2 | RW | Carry flag 

0.7FH.1 | R W | Zero flag 

0.7FH.0 | R W | Index enable flag 
Read 


23.2 DATA BUFFER (DBF) 
i Overview of Function 
Write 


Reserved 
. Type 
Word 
MEM |0.0CH RV | Date buffer bite b1S ta bi? 
MEM | 0.0DH Row | Daa buffer bie b1I to bE 
ME? R W = | Data buffer bits b7 to b4 


DBF1 MEM | 0.0EH 
MEM |0.0FH RW | Daw buffer bis ba 40-80 


Address 
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23.3 GENERAL-PURPOSE PORT REGISTER 


R d Read/ 
Type Address eee Overview of Function 


R/W | Bit b3 of Port 0A 


R/W | Bit b2~ of Port 0A 


R/W ) Bit bl of Port 0A 


R/W | Bit bO ~~ of Port 0A 
R/W | Bit b3 of Port 0B 


R/W | Bit b0 — of Port 0C 


R Bit b2. of Port 0D 
0.73H.1 | R  |Bitbl of Pot0D 
0.73H.0 | R  |BitbO of PrtOD 
R/W | Bit b38- of Port 1A 
FLG |1.70H.2 | RW |Bitb2 of PotIA sss 
FLG |1.70H.1 | RW [Bibl of PortIA 
FLG |1.70H.0 | RW |BitbO of Port IA 
RW ‘Bit b3. of Port 1B 
RW . Bit b2 ePeti oo j= ©. © 


a en a ee eee ee moe ew ee See qe ee ee ee ee es Se he 5 eee ee abs ee es ek tee ee eh Se et ee ee ee es Se ee BE Se ee Se ee es 
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23.4 REGISTER FILE (CONTROL REGISTER) 


Reserved 
Word 
IDCDMAEN | FLG 


SP MEM 


SIOMS = 


SOT 
ZCROSS | 
TAIMD?2 
T MMDI 


INT FLG 
HSCGT3 | FLG 
HSCGT? 'FLG 
HSCGT] | FLG 
HSCGTO 1 EEG 
HSCGOPN | FLG 
RMCSTATS | FLG 
RMCSTAT? | FLG |0 
RMCSTATI iri | 
RMCSTATO LG 


IMCY 


SBACK 
SIONWT 
| SIOW RQL | 
SIOW RQO 
IEGVSYN 


POCGIO FLG 


Address 


0.80H.1 
0.81H 


().88H.: 


ao SSI 
0. 88H. 
| 0. 89H. 


0. SUH .2 


Read | 
Write | 


Overview of Function 


Rk W | DMA enable flag 


Stack pointer 
CE pin status flag 


" | SIO channel select flag 


| SIO mode select flag 
“S10 cloc k mode select fl ir 
: “slo TX RN select flag 
; | _ Timer interrupt mode select flaz 
| Ti imer  eaniee FF er 5 - 
* Timer 


* | Timer 


0. OAIH. 3 
UE OAIH.2 

0. OA1H. 1 
0.0A1H.0 
0.0A7H.0 


0.8FH.0 R cs pin status flag 
0.91H.3 R | Hsyne counter mode select flag (dummy: 0) 
0.911] , R | ciehe sisiiets mode select lag idm, 0) Oo 
0.911 ] RW Hise eenaier mode select je = 
ce | 0.91H.0 | RW | Heyne counter mode select flag 
POL92H ss RW Hsyne counter gate open flag 
oF 9H .3 R ‘| RMC pin status flag (dummy: 
Bh. 2 R o . RMC pin chats flap I 
0. eel R W RMC clw statud flag 
(0.95H.0 | RW /RMCpinstaus flag 


A D converter judge flag 


Port OC I O select flag 
SIO shift 8 clock flag 
SIO shift 9 clock flag 


Serial bus start test flag 


Serial bus busy flag 


Remarks: Dummy is “0”. 
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R d R id? 


IPSIO 0.0AFH.3 R/W | SIO interrupt permission flag 


IPVSYN 0.0AFH.2 R/W | Vsync interrupt permission flag 


IPTM 0.0AFH.1 R/W | Timer interrupt permission flag 


0.0AFH.0 RMC interrupt permission flag 


CROMBNK cs 0.0BOH.0 CROM ‘hank-select flag 
IDCEN _. 0.0B1H.0 IDC enable tax 


PIBBIO3 0.0B5H. 3 R/W | PIB3I/O select flag 


PIBBIO2 -OBOH. 2 


PIBBIOI UBSH.1 


PIBBIOO -OB5H.0 
POBBIO3 


a yl lr; “in “GS em mS sm kms a wi a an“: Sn i ec ac li Gro me i nPop  , oi y  e 


POBBIO2 select flag 


POBBIO1 POBLL O select flag 


POBBIOO 
POABIO3 


ee re) ee ee ee eee ee ee ee ee ee 


POABIO2 


Wis ee ide Ge ites ee ios ohms ia ieier et ee ee heey coy Se ee SE Se See Sa Ss Se SS Sst Sees sce Sees em See SS 


b--------4------- -- HH eH He - fen i a ee eae pe a a a ee ee ee ee ee ee -  e  e  e e - ee ee 


SIO interrupt mode select flag (dummy: 0) 


eee ee eee oe a ee as ee nw ne ow fn ee a ee a de a ee ef ae a aw 5 a a eo a a a ee te ee ee ee ee te eee ee 


mee ee ee ee ee ee a ea ee ee dee sk oe ee i eee fs te ee Sh sw a a a a a es 6 a 8 a a a 8 hi os i a a ee See see eee een 


SIOCK2 ; 
SIOCK1 


wae ee eee ee eee de en ee eb ee ee ee ee ee ee ee ee Sw Oe ees ete ea been ene BS eee sete siisascac os was seme ess 


: shift clock select flag 


shift clock select flag 


a aya a Yi SE SS a fam vin a eae a a Eee eer She Wa eee ee Stim inia ele aw ae moe we Se Slee eee AS eee a aiela wae Saale See soe ata as Gee See See eee & oe ie ae Sie Sie 


IRQTM 


ee ey ee ee ee eer ee 


IRQ 


RMC interrupt request flag 


Remarks: Dummy is “0”. 
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23.5 PERIPHERAL HARDWARE ADDRESS 


SIOSFR 


HSC 


PW IRZ 


PWMRMP ' DAT | 41H RW 


Overview of Function 


PWM data register 
PWM data register 
PWM data register | 


GET PUT PUSH CALL BR MOVT INC instruction 


address register address 


PWMRMP data register 
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24. ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage Vop -0.3 to +6.0 V 
Input Voltage Vi -0.3 to Vop V 
Output Voltage Vo Except P1A and PWM —0.3 to Vop V 
Output Current High lou 1 pin -12 mA 
All pins -20 mA 
Output Current Low lout 1 pin (except P1A) 12 mA 
All pins (except P1A) 20 mA 
Output Current Low lov 1 pin (P1A only) 17 mA 
All pins (P1A only) 60 mA 
Output Withstand Veps P1A, PWM 13 V 
Voltage 
Operating Temperature Topt -20 to +70 a 
Storage Temperature Tstg -55 to +125 oC 


RECOMMENDED OPERATING CONDITIONS 


[ ermacensres [ower] mn] ve [wx wr] eoonoe 
Fosarvoum [vm [es | oo | so |v 
roms vom [vm [ve | oo | ss |v 
emesis] vm | | | es |v [ram 


Power Supply 
trise ms | Von: 0 > 4.0 V 


All functions in operation 


Only IDC stop 


Voltage Rising Time 
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DC CHARACTERISTICS (T. = -20 to +70 ‘C, Voo = 4.0 to 5.5 V) 


CHARACTERISTICS SYMBOL rien 


Power Supply Current 


CONDITIONS 


CPU operation, IDC 
operation Voo = 5.5 V 


Power Supply Current CPU operation, IDC stop 


Voo = 5.5 V 


Input Voltage High 


Input Voltage High 
Input Voltage Low 


Input Voltage Low 


POA2z POA: POB, POC, P1B, 
P1C, P1D, RED, GREEN, BLUE, 
BLANK Vou = Voo-1 V 


POA, POB, POC, P1B, P1C, 
P1D, RED, GREEN, BLUE, 
Voc=1V 


POD, when pulled down 
Vin = Voo 


Data Hold Current 


Clock oscillation stop 
Ta= 25°C, Voo=5.5 V 


Output Leakage POAo, POA:, P1A, PWM 


VoH=5V 
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AC CHARACTERISTICS (Ta = -20 to +70 °C, Von = 4.0 to 5.5 V) 


ce 
ee 

ee 
ee 


A/D CONVERTER CHARACTERISTICS (Ta = -20 to +70 C, Vop = 4.0 to 5.5 V) 


CHARACTERISTICS SYMBOL jmain. | ove. | max. UNIT CONDITIONS 


A/D conversion absolute +1/2 +1 LSB 
accuracy 
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SINGLE-CHIP MICROCOMPUTER 
BUILT-IN IMAGE DISPLAY CONTROLLER FOR VOLTAGE SYNTHESIZER 


The uPD17052 is a 4-bit single-chip microcomputer with a built-in display controller and 14-bit D/A converter 
for a digital tuning system designed for use in a voltage synthesizer TV set. 


The image display controller (IDC) has a variety of image display functions. It is capable of displaying figures 
as well as characters. All fonts are user-programmable and can be specified as desired. Debugging can be done by 
actually outputting this data from the start of program development. 

The microcomputer is also provided with a horizontal synchronization signal counter for detecting broadcasting 
stations, and a serial interface for communication with peripheral devices. Also, a 4-bit A/D converter and a 6-bit 
D/A converter (PWM output) are provided. 

The CPU employs the uPD17000 architecture capable of handling the data memory directly without using an 
accumulator. This ensures highly efficient programming. All instructions comprise a single word with a length 
of 16 bits. 

We also provide an IE-17K (In-Circuit Emulator) and an assembler as easy-to-use uPD17052 system development 


tools. 

FEATURES 

@ 4-bit microcomputer for digital tuning system @ Wealth of 1/O ports 

@ Built-in 14-bit D/A voltage synthesizer input/output ports: 20 

@ Program memory (ROM) : 16K bytes (16 bits x 8,192 steps) Input ports - 4 

@ Data memory (RAM) : 4 bits x 448 words Output ports * 20 

@ Stack levels : 6 e 5V+10% 

@ Easy-to-understand instructions (35) @ Use of low power-consumption CMOS 
@ Decimal operations available @ 64-pin plastic shrink DIP (750 mil) 
@ Instruction execution time : 2s (8 MHz oscillator connected) 

@ Built-in IDC (Image Display Controller) (User programmable) 


Number of display characters : Max. 99 characters per screen 


Display position : 14 lines x 19 columns 

Character set : 128 characters (64 different characters can be displayed in one screen simul- 
taneously.) 

Colors : 8colors 

Character size : 4 sizes can be set in vertical and/or horizontal directions (14, 28, 42, 56H) 

Built-in 8-bit serial interface (One system with two channels: three-wire and two-wire types) 

Built-in D/A converter : 6 bits x 4 (PWM output) 

Built-in A/D converter : 4bits x8 


Built-in horizontal synchronization signal counter 
Built-in commercial power frequency counter 
Built-in power failure detection circuit and Power On reset circuit 


Interrupt input for remote control signals (with noise canceller) 


Notes on Serial interface: The 2-wire mode corresponds to the I2C-Bus specification from Philips. 
In case of using this interface mode note the following: 


Duties when using I2C bus system 

Purchase of NEC’s I2C bus system hardware components conveys a license under the Philips |2C patents rights 
to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 

Consequently for all ROM based components with |2C hardware circuits the user is kindly requested to notify the 
use of the I2C bus interface at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 


P1D30 VY | 64 | O RMC 
P1D20 O ADCg 
P1D10 O POD p/ADC, 
P1Dg oO 61 | O POD1/ADC2 
P2A3 0 | 60 | O POD2/ADC3 
P2A O | 6 | O POD3/ADC, 
P2A1 0 O P1Co/ADCs5 
P2Ag O | 8 | O P1C1/ADCg 
P1B3/TMIN O | 9 | | 56 | O P1C2/ADC7 
P1B9 O O P1C3 
P1B1 0 O POC 
P1Bo O O POC, 
Ce 0 POC? 
Vpp O O POC3 
OSCoyT O O P2Co 
OSCiy O O P2Cy 
GND O 17 | 48 }-—*O P2Co 
P1A3 0 O P2C3 
P1A2 0 19 | 46 | O P2Bo 
P1A10 O P2By 
P1AQ O | 44 | O P2B2 
PWMrpp O O P2B3 
PWM3 © O POAg/SDA 
PWM2 O O POA,/SCL 
PWM, O | 40 | O POA2/SCK 
PWMo O 0 POA3/SO 
XOUT 0 © POBO/S! 
Xin O O POB 
REDO O POB2 
GREEN O O POB3/HSCNT 
BLUE O O HSYNC 
BLANK O O VsyNC 
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BLOCK DIAGRAM 


Oscil- 
lation © PWMaMP 
OSCOUT O © PWM 
(Pw |} —o Pa 
PWM 
y, ae 
HSYNC OF 5 Nee 
P1D 
RAM O ) 
TSYNC D> 448 x 4 bits ——e O P1D4 
P1iD 
O P1D9 
ne joc Ki) seit, 
O 
GREEN oO O P2Ag 
O P2A4 
BLUE oO cae O P2A9 
BLANK oO 6 P2Ag 
O P2Bo 
Oe ee (—) ree [9 
POA1/SCL © O P2B2 
POA2/SCK © L] seria = © P2B3 
(ll O P2Cg 
POA3/SO © rt noe aie 
POB3/SI O cae O P2C2 
L O P2C3 
Ts — 
8192 x 16 bits ——, conan |-<E-O. RMC 
car 2.) Cee 
POB2 O 


POB3/HSCNT O Hsync Counter 


i 


POCg 
POC, 
POC? 
POC3 
POD9/ADC, 
POD1/ADC2 
POD2/ADC3 
POD3/ADC4 
P1Cg/ADCs 
P1C1/ADCg 
P1C9/ADC7 
P1C3 


XIN 
XOUT 


© VDD 
Reset 
O CE 


oO GND 


POC 


| 


6 x 13 bits 


Cc 


PIA 


1 
tE—?_) 

vu 

= 


ll 


ADCo 
P1Ag 

P1A4 

P1A9 
P1A3 

P1Bo 

P1B, 

P1B92 
P1B3/TMIN 


Ul 


P 


ac 


Timer 
con- 
troller 
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List of .PD17052 functions 


CHARACTERISTIC 


Program Memory 


Data Memory 


System Register 


Register File 


NEC 


FUNCTION 


16K bytes (8,192 steps x 16 bits) 
256 steps x 16 bits 
2,048 steps x 16bits 


Table reference area 
Area serving also as CROM 


448 words (448 words x 4 bits) 
Data buffer 
General-purpose register 


4 words, 
16 words 


Area also serving as VRAM : 224 words x 4 bits 


12 words 


24 words 


Port Register 


Instruction Execution Time 


Stack Levels 


11 words 


2 us, using an 8 MHz ceramic oscillator 


6 levels (stack operation available) 


General-Purpose-Ports 


IDC (Image Display 
Controller) 


Serial Interface 


D/A Converter 


A/D Converter 


Interruption 


Input/output ports 
Input ports 
Output ports 


Number of display character: Max. 99 characters per screen 
Display position 14 lines x 19 columns 
Character set 128 characters (user programmable) 

(64 different characters can be displayed in 
one screen simultaneously .) 

10 x 15 dots 

Colors : 8colors 

4 sizes in vertical direction (14, 28, 42, 
56H) 

4 sizes in horizontal direction (2.5, 5.0, 
7.5, 10.0 us) 


Can be specified in vertical and horizontal 


Character type 


Character size 


directions independently. 
One system (two channels) 
8-bit 3-wire type 
8-bit 2-wire type 


one channel 
one channel 


14 bits x 1 

(PWM output, withstanding voltage : Max. 12.5 V) 
6 bits x 4 

(PWM output, withstanding voltage : Max. 12.5 V) 


4 bits x 8 
(sequential comparison by means of software) 


4 channels (maskable interrupt) 
External interrupt 3 channels (RMC pin, Vsync pin, serial interface) 


Internal interrupt One channel (timer) 
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CHARACTERISTIC FUNCTION 


e Two system 
Timer Internal timer : 5,20, 100 ms 


External timer : 1/5 and 1/6 of frequency input to PIB3/TMIN pin 
Power Supply Voltage 


e Power ON reset (When the power is input) 
e Resetting by CE pin (CE pin Low > High) 
e Power failure detection 


e 5V+10% 


e 64-pin plastic shrink DIP (750 mil) 


2-199 


uPD17052 


PIN DESCRIPTION 


PIN No. SYMBOL | PINNAME DESCRIPTION OUTPUT TYPE 
1 


4it output ports. The latch of port 1D is assigned to 
address 73H of Bank 1 of the data memory (RAM). CMOS 


Port 1D ; . ; 
The output state is undefined at the time when the push-pull 


to 
4 


power (Vpp) is applied initially. 


4it input/output ports. These ports can be specified 

for input/output on a bitby-it basis. The setting of 

pon gk input/output is performed by using the P1BBIO word CMOS 
(35H) on the register file. The latch of the port is push-pull (1/0) 
assigned to address 70H of Bank 2 of the data memory 


(RAM). 


4it input/output ports. These ports can be specified 
for input/output on a bit-by-Hit basis. The setting of 
input/output is performed by using the P1BBIO word 
(35H) on the register file. The latch of the port is 


9 P1B3/TMIN assigned to address 71H of Bank 1 of the data memory 

10 P1B2 Per 18 (RAM). P1B3/TMIN can also be used as input to an CMOS 

11 P1By external timer. It is possible to make an interrupt with push-pull (1/0) 
12 P1Bo a frequency equivalent to one-fifth or one-sixth the 


frequency input to this pin. Normally, the commercial 
power supply frequency is input to this pin for use as 
the reference clock. 


Device selection signal input pin. Set the pin at the high 
level to put the device in normal operation. Set the pin 
at the low level if the device is not used. When the pin 
is at the low level, executing the STOP instruction 
causes the clock oscillation to stop, making backup with 
a low current possible. The STOP instruction is effec- 
Chip enable tive only when the CE pin is at the low level. The lapat 
instruction is in effect the same as the NOP instruction 
when the CE pin is at the high level. The pin also serves 
as a reset pin. Changing the CE pin from the low level 


to the high level causes the device to be reset and the 
program to start from address 0. If the device is reset, 
the bank is made 0 and the |/O ports are put in the 
input mode. 


Device power pin. Supply a voltage of 5 V +10 % to 
when activating all functions. If the |DC is not used, 


apply a voltage of 4 to 5.5 V. To retain the data of 
RAM (when the clock oscillation is stopped), the 
voltage may be dropped to 2.5 V. Since the uPD17052 
Power eae a 
has a built-in power On reset circuit, if the voltage 
changes from 0 to 4.0 V, the system is reset and the 
program starts from address 0. To operate the Power 
On reset circuit properly, it is necessary to limit the rise 


time from 0 to 4.0 V to 550 ms or less. 


LC oscillation circuit pin for the |DC. ; feel 
. . . . us Fl u 
oscillation Oscillation is made at 4 MHz. ies Our 
INPUT (OSC;,\y) 
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SYMBOL PIN NAME | DESCRIPTION OUTPUT TYPE 


4it output port. The latch of the port is assigned to 

address 70H of Bank 1 of the data memory (RAM). N-ch 
N-ch open drain type. (medium withstanding voltage, open drain 
large current) 


Port for the output of the 14-bit D/A (Digital-to-Analog) 
converter for a voltage synthesizer, or port for the output 
of one bit. The D/A converter -outputs pulses made up 
PWMrmp Tuning D/A of acombination of 9-bit PWM (Pulse Width Modulation) N-ch 
converter output and 5-bit RMP (Rate Multiplier). D/A conversion is open drain 
therefore possible by connecting a simple external CR 
filter. The output is at the low level when Power On 
is reset or when the clock is stopped. 


VDP (Variable Duty Port), or port for the output one bit. 
The VDP function is to output pulses of a frequency of N-ch 

D/A converter ; ; 
15,625 kHz continuously. The duty of the pulse can be open drain 
made variable in 64 steps by means of a program. 


CMOS 


CPU oscillation circuit pin. Used to connect a ceramic 


Oscillator push-pull (XO) 
Input (X1) 


=== 
Character Pins to output character data corresponding to R, G and CMOS 
signal output B. Output is in active High. push-pull 
| 
Blanking Pin to output blanking signals to cut image signals. Out- CMOS 
signal output put is in active High. push-pull 


oscillator or a crystal oscillator. Use an 8 MHz oscillator. 


Horizontal wo. : 
Pin to input horizontal synchronization signals for the 
synchronization . ; 
; ; IDC. Input in active Low. 
signal input 


Vertical Pin to input vertical synchronization signals for the IDC. 
synchronization Input in active Low. It is possible to make an interrupt 
signal input with this signal. 


4it input/output ports. For these ports, it is possible to 

specify input/output on a bit by bit basis. The setting is 

made with the POBBIO word (36H) on the register file. CMOS 

The latch of the port is assigned to address 71H of Bank push-pull (1/O), 
0 of the data memory (RAM). The POBQO/SI pin can provided 
also serve as a data input pin of a serial interface (uCOM POB3/HSCNT is 
standard mode). The POB3/HSCNT pin can also serve as an | self-biased at the 
input pin of the horizontal synchronization signal counter. time of input. 
This pin is always self-biased (Vpp/2). Port OB is for 

input when the power (Vpp) is input initially, the clock 


POB3/HSCNT 
POB2 
POB, 

POBO/SI 


stops, or resetting is done by the CE pin (Low > High). 


4it input/output ports. These ports can be specified for 
input/output on a bit-by-it basis. The setting is made 
with the POABIO word (37H) on the register file. The 
latch of the port is assigned to address 70H of Bank 0 
POA3/SO 


POA2/SCK en CMOS 
output pin of a serial interface (uwCMOS standard mode) 

POA4/SCL : ; : ; push-pull 

POAG/SDA and the POA2/SCK pin as a shift clock input/output pin. 

0 The POAd/SDA pin can be used as a data input/output 

pin of a serial interface (two-wire mode and uCOM stan- 

dard mode), and the POA;/SCL pin as a shift clock input/ 


output pin. 


of the data memory. The POA3 pin can be used as a data 


2-201 


uPD17052 


co SyMBOL | PINNAME | DESCRIPTION OUTPUT TYPE 


4-it output port. The latch of the port is assigned to 
address 71H of Bank 2 of the data memory (RAM). 
N-ch open drain (medium withstanding voltage) . 


N-ch 


open drain 


4+it output port. The latch of the port is assigned to 
address 72 of Bank 2 of the data memory (RAM). 
(medium withstanding voltage) 


N-ch 
open drain 


N-ch open drain. 


4-it output port. The latch of Port OC is assigned to 
address 72H of Bank 0 of the data memory (RAM). CMOS 
The output state is indefinite when the power (Vpp) push-pull 


is input initially. 


4it input/output port or A/D converter pin. The setting 
of input/output is made every 4 bits. The P1CGIO bit 
(bit #0 of address 27H) on the register file is used for 


55 P1C3 input/output specification. It is necessary to specify 

56 P1C2/ADC7 Port 1C input without fail when used as an A/D converter. The CMOS 

57 P1C4/ADCg latch of the port is assigned to address 72 of Bank 1 of push-pull (1/0) 
58 P1Co/ADCs the data memory (RAM). Port 1C is for input when the 


power (Vpp) is applied for the first time, the clock is 
stopped or resetting is made with the CE pin (Low —> 


High). 
ee 
59 POD3/ADC4 4+it input port. This port can also be used as an A/D input toil 
wi 
60 POD2/ADC3 converter. When used as a port, a pull-down resistance 
Port OD ; ; pull-down 
61 POD4/ADC2 (100 k2 TYP.) is attached. The latch of Port OD is scictancn 
resi 
62 POD9/ADC, | assigned to address 73H of the data memory (RAM). 
A/D (Analog to Digital) converter input pin. The con- 
A/D erter is a 4bit builtin A/D converter employing pro- 
63 ADCo come ar ey eee Input 
converter input grammed sequential comparison. The reference voltage 


of the A/D converter is Vpp. 


Interrupt input pin with a noise canceller. Signals with a 


high level of noise, such as remote control signals, can 
be programmed easily by using this pin. It is possible 
to specify by means of a program whether an interrupt 
64 RMC meer is made at the rise or at the fall of an input signal to this nau 
signal input pin. Specifically, an interrupt is made at the rise or at 
the fall of the signal depending on whether the IEDG1 
flag is reset or set, respectively. At the time of resetting 
(CE pin: Low High), the 1EDG1 flag is reset and an 


interrupt is made at the edge of the rise. 
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PIN EQUIVALENT CIRCUITS 


POA (POA3/SO, POA2/SCK) 

POB (POB>, POB,, POBo/SI) 

P1B (P1B>, P1B,, P1Bo) 

P1C (P1C3, P1C2/ADC7, P1C,/ADCg, P1Cg/ADCs) 
P2A (P2A3, P2A2, P2A,, P2Ag) 


(IN/OUT) 
POA (POA1/SCL, POAg/SDA) 
(IN/OUT) 
POC (POC3, POC2, POC, , POC) 
P1D (P1D3,P1D2,P1D,, P1Dg) 
RED, GREEN, BLUE, BLANK 
(OUT) 
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PWM (PWM3, PWM2, PWM, PWMo, PWMr_pp) 
P1A (P1A3, P1Ap, P1A;, P1Ao) 

P2B (P2B3, P2B, P2B,, P2Bo) 

P2C (P2C3, P2C2, P2C; , P2Co) 


-— (OUT) 


POD (POD3/ADC,4, POD2/ADC3, POD, /ADC2, POD9/ADC;) 


(IN) 


High ON register 


ADCo 
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POB3/HSCNT ft 


uPD17052 


POB3 


N-ch 
oT 
P1B3/TMIN 
P1B3 
a P-ch 
Ee H TMIN 
—— N-ch 


2-205 


uPD17052 


Hsync. Vsync, RMC,CE 


(IN) 
Xout, Xin, OSCout, OSCin 
TO 
XIN ea: > IN 
OSCiN L XOQuT.OSCouT : OUT 
XOUT 
OSCOUT 
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uPD17052 instructions 


Instruction set 


addr 
(page 1 ) 


addr 
(page 2 ) 


addr 
(page 3 ) 
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INSTRUCTION 
NOTE 
M :One of Data memory specified by [(BANK), m] IX : Index register STACK _ : Stack of (PC), (BANK), (IXE) 
m _: Data memory address specified by [m,,m,] of each bank IXE Index enable flag STACKp¢ : Stack of (PC) 
m, :Data memory address high (Row address) ; [3bits] DBF _ : Data buffer BANK _ : Bank register 
m, :Data memory address low (Column address) ; [4bits] WR _ : Window register (ROM)p- :One of Program memory data specified by (PC) 
R :One of General register specified by [(RP), r] MP _ : Memory pointer INTEF _ : Interrupt enable flag 
t :General register address low ; [4bits} MPE : Memory pointer enable flag SGR : Program memory segment register 
RP: General register pointer PE _: Peripheral i - Immediate data ; [4bits] 
RF —:One of register file specified by rf p __: Peripheral address n : Bit position ; [4bits} 
rf: Register file address specified by [rfy, rf] Py  : Peripheral address high addr :One of program memory address ; [1]tits] 
rt, : Register file address high p, _ : Peripheral address low GY : Carry flag 
rf,  : Register file address low PC - Program memory counter h : Halt release conditions 
AR _: Address register SP : Stack pointer [ ] : Address of M, R, RF 


Contents of M,R, RF, AR, IX, DBF, WR, PE 


( ) : 
: Machine code 
j | Mewmeic| Onrant | Ratt | aratun at ie 


r,m Add Data memory to General register (R), (CY}—(R)+(M) 00000 | m 
ADD rem ry g ) | 00000 | my | m, | 
| my | my 

0 | my 


Pm, #i | Add immediate data to Data memory (M), (CY)—(M)+1 10000 


ae Data memory to Genera! register (R), (CY)(R)+(M)+(CY) | 0001 jm Pim |r 
with carry 
ada immediate data to Data memory (M),(CY)(M)+i+(CY) | 10010 | m, pm fi 
with carry 


Increment Address register (AR)—(AR)+1 00111 1001 


r,m 
ADDC 
m, #1 
AR 
IX | Inerement Index reyister—_—_~|OX-(X)41 gor | 000 [1000 | 000 
r,m 
r,m 


Subtract Data memory from General (R), (CY)—(R)—(M) 00001 | m, 
register 

Subtract immediate data f Dat 
memory 


SUB 


Z 
ro) 


Subtract Data m f G | 

eras aN Memory lromgens™" | (R),(C¥)}(R)-(M)—(CY) | 00011 
register with borrow 
Subtract immediate data f Dat 
ubtrac imm late data from Data (M). (CY)—(M)-i-(CY) ae 
memory with borrow 
Skip if Data memory equals immediate | (M)—i & 

— 01001 

data skip if zero 


Skip if Data memory is greater than or | (M)-1 & 
equal to immediate data skip if not borrow 


Bite psa 
skip if borrow L 

(M)-i & 
immediate data 


01011 

skip if not zero fing | m. 

Logic BND of Data memory and (M)<(M) AND i 10100 m, 

immediate data 

Logic AND of General register and (R)(R) AND (M) 00100 jm fm, for 

Data memory 

Logic OR of Data memory and immediate (M)—(M) OR i 10110 jm | mf i 
data 

i f 1 regi 

— Logic OR of General register and Data (R)<-(R) OR (M) 00110 
memory 

Exclusi 

XC aie Logic OR of Data memory and (M)<-(M) XOR i 10101 my 

immediate data 

Exclusive Logic OR of General regi 

xclusive Logic OR of General register |p). (p) yop (M) ad pm fm | 


2-208 


SUBC 


— 
— 
o 
o 
_ 


Skip if Data memory is less than 
immediate data 


Skip if Data memory not equal 


SKNE 


es 
e) 
xz 


and Data memory 


xe | a] 
a | fe] 


uPD17052 


| 
a 


[| emi] Oprend | Rtn 
Load Data memory to General register (R)—(M) 01000 


r,m 
m,r Store General register to Data memory (M)<(R) 1100 


Move Data memory to Destination data | if MPE=1:[(MP),(R)]—(M) 


io) 

i 
2 
a 
~ 


memory referring to General register if MPE=0:[(m,), (R)}—(M) 


Move Source data memory referring to if MPE=1:(M)+{(MP), (R)] 
et (STACK yc }(PC) & (POAR) & 
Address register to Data buffer (DBF)+(ROM)p- & (PC)(STACK».) 
A Decrement Stack pointer, then move (SP)—(SP)—1 & 
Address register to Stack (STACK,,)-(AR) 


0111 

00111 

R Move Stack to Address register, then (AR)(STACK,,) & , 
increment Stack pointer (SP)—(SP)+1 

11111 


@ 
MOV 
m 


EREag 
& rc ce 


MOVT 


r,m 
, @r 
R 


Transfer 


ac) 
Cc 
io) 


PEEK 


WR rf oss data of Register file to Window (WR)«-(RF) 
register 
POKE rf, WR on data of Window register into Register (RF)—(WR) 00111 0010 
ile 
) 


GET DBF ,p | Get peripheral data to Data buffer (DBF)+-(PE) 00111 | Py 
PUT _|p,DBF | Put data of Data buffer to peripheral _| (PE)(DBF) 00111 | py | 
Test Data memory bits, if (M),=all "1", 
: ; ee 11110 mM, 
then skip if all bits specified are true then skip 
Test Data memory bits, if (M),=all "0", 
then skip if all bits specified are false then skip 
Jump to the address in page 0) (PC)+addr & (PC)g "4, (PCs; | 01100 


Jump to the address in page 1 (PC)addr & (PC)e 4), (PC), 1 | 01101 
adar ai ex“ MPOeul | 01101 | adde til bie) 


Jump to the address in page 2 (PC}+addr & (PQ)e #1. (PQ)s | 01110 
(PC}-addr & (PCy 1. (PC)g-1 | 01111 


(PC)*(AR) 00111 ow | 0100 | 0000 
c 
| 00111 Olll]) r 
(R) sR) 22 1R) 51 1B) go count fom fons] | 


(SP)—(SP)—1 & 
(STACKp-)+-((PC)+ 1) & 
(PC) 41,0 & (PC)—addr 


addr (11 bits) 
(SP)—(SP)-1 & 
(STACK pc)+-((PC)+1) & 


1110 | 0000 
(PC)<(AR) 


Return to main routine from subroutine PESTS yy) 00111 | 001 | 1110 | 0000 
(SP)+(SP)+1 
i i PC)(STACK,,) & 
Return as main routine from subroutine, | (PC)<( pc) | oo111 | 100 | 1110 | oo00 
then skip unconditionary (SP)(SP)+1 & and skip 


Return to main routine from interrupt (PC), (BANK), (IXE}-(STACK) & 

service routine (SP)+(SP)+ 1 00111 

Enable interrupt 00111 
1 


Stop clock if CE=low stop clock if CE=low 00111 10 0000 


h Halt the CPU, Restart by condition h 00111 | 011 | 1111 
[No operation | ttt | 100 | 1112 | 0000 
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SKT 


WN 
dy 
ies) 


Judgmen 


Branch 


Jump to the address in page 3 


Jump to the address specified by Address 


@AR 


register 


Rotate General register right with carry 


RORC r 


2) ies) 
ies) ve) 


addr Call subroutine in page 0 


CALL 


@AR Call subroutine 


Subroutine 


RETSK 


RETI 


oe 


oOo 
—" 


STOP 
HALT 
NOP 


—) 
—" 
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ELECTRIC CHARACTERISTICS (PROVISIONAL) 


ABSOLUTE MAXIMUM RATINGS 


NEC 


Power Supply Voltage Vop —0.3 to +6.0 V 
Input Voltage Vi —0.3 to Vop V 
Output Voltage Vo —0.3 to Vpp V 
Output Absorption Current lo 10 mA 
Withstanding Output Voltage Veps 13 (P1A, P2B, P2C, PWM) V 
Operating Temperature is —20 to +70 “C 
Storage Temperature Tre —55 to +125 "IC 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltage 


Power Supply Voltage 


[eranacreniene ovweor | wn [we [wax | uN | conorriw 
a 
cee ae Se ee 
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Withstanding Output 
Vv VBDS 
oltage 
Power aid Voltage 
tri Vpp:0- 4.0 V 


Only IDC stopped 
Clock osciHation stopped 


P1A,P2B, P2C, PWM 


E uPD17052 


DC CHARACTERISTICS (T, = —20 to +70 °C, Vpp = 4.0 to 5.5 V) 


CHARACTERISTIC | SYMBOL | MIN. | TvP. | MAX. | UNIT CONDITION 


CPU in operation, IDC in operation 
Power Supply Current 7 mA 
Vpp=5.5 V 
CPU in operation, IDC stopped 
Power Supply Current mA 
Vpp=5.5 V 


nets vatwe | ir 09Va0 [|| Wawro, ream 

er tn Vater | Vie [08vo9 [| | vee. arn arms 

a a aye ee ee 
jo 2Vpp Vv 


Low Level Input Voltage ViL2 CE,RMC, Vsync. HSYNC 
POA2, POA3, POB, POC, P1B, PIC, 
High Level Output Current | P1D, RED, GREEN, BLUE, BLANK 
VOH=Vpp-—1 V 
POA, POB, POC, P1B,P1C,P1D, 
RED, GREEN, BLUE, BLANK 
VoL=1 V 


Low Level Output Current 


Low Level Output Current PIA 


Low Level Output Current lOL3 re ke o 


High Level Input Current 


AC CHARACTERISTICS 


CHARACTERISTIC SYMBOL eee UNIT CONDITION 
Input Frequency fTR | so || P1 or ae 


PWM, P2B, P2C VoL=1 V 


POD, pull-down time 


Clock oscillation stopped 
Ta=25 °C, Vpp=5.5 V 


POAg, POA, P1A, P2B, P2C, PWM 
VOH=5 V 


Data Storing Current 
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BUILT-IN IMAGE DISPLAY CONTROLLER 


The uPD17053 is a 4 bits CMOS microcontroller incorporating Image Display Controller (IDC) and 14 bits D/A 
converter into one chip for digital tuning of voltage synthesizer system of TV. 


Image Display Controller has various display function showing not only letters but also drawings. 


Fonts of IDC are selected by user’s program and effective debugging can be realized by actual indications from 


the beginning of software development. 


In addition, Hsync. counter for station detection and serial interface for communication with other peripheral 


devices are incorporated, also 4 bits A/D converter and 6 bits D/A converter (PWM output) are incorporated. 


CPU applies uPD17000 architecture which operates data memory directly without accumulater, and it realizes 


effective programming. 


All instruction consist of 16 bits one word. 


As system development support tool of uPD17053, 1E-17K (In Circuit Emulator) and assembler are prepared. 


FEATURES 


4 bits microcontroller for digital tuning system 
built-in 14 bits D/A converter 
single power supply (5 V +10 %) 
CMOS with low power consumption 
program memory (ROM): 

24K byte (16 bits x 12,288 steps) 
data memory (RAM): 4 bits x 672 words 
stack level: 7 levels 
easy to understand instruction set with 36 types 
capable of decimal arithmetic 
instruction execution time: 

2 us (with 8 MHz ceramic resonator connected) 
IDC (Image Display Controller) built-in 

(user programmable) 
e number of display character: 

199 characters (max. in one screen) 
e display location: 14 lines x 19 columns 
e number of character types: 256 types 
e character format: 
10 x 15 dots (capable of fringe function) 


Notes on Serial interface: 


e character color: 8 colors 
e character size: 
4 types of setting is available independently 
both for line and column, (14, 28, 42, 56H) 
built-in 8 bits serial interface: 

(1 system 2 channel: 3 wire and 2 wire system) 
built-in D/A converter: 6 bits x 4 (PWM output) 
built-in A/D converter: 4 bits x 8 
built-in H.sync. signal counter 
built-in commercial power supply freq. counter 
built-in blackout detection circuit and power-on- 
reset circuit. 
interrupt input for remote control signal (with 
noise canceler) 
plentiful 1/O ports: input output port : 20 

input port >: 
output port : 20 
64 pin plastic shrink DIP (750 mil) 


The 2-wire mode corresponds to the I2C-Bus specification from Philips. 


In case of using this interface mode note the following: 


Duties when using I2C bus system 


Purchase of NEC’s I2C bus system hardware components conveys a license under the Philips I2C patents rights 


to use this components in an I2C system, provided that the system conforms the I2C standard specifications as 
defined by Philips. 


Consequently for all ROM based components with I2C hardware circuits the user is kindly requested to notify the 


use of the I2C bus interface at the ROM code verification stage. 
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PIN CONFIGURATION (Top View) 


P1D30 ORMC 
P1D20 © ADCo 
P1D10 O PODd/ADC, 
P1D9 0 ra with O POD1/ADC2 
P2A3 0 a | r60 + —0 POD2/ADC3 
P2A2 O=—>} 6 | 59 }+—0 POD3/ADCy 
P2A1 O — O P1Cg/ADC5 
P2Ag O=—*] 8 | O P1C1/ADCg 
P1B3/TMIN O | 9 | | 56 | O P1C2/ADC7 
P1B90 OP1C3 
a6 CMOS Soc: 
P1Bg0 O POC, 
CEO O POC> 
Vpp O—_{ 14 | O POC3 
OSCQUTO O P2Co 
OSC|NO O P2C} 
GNDO O P2C2 
P1A30 18 N-ch O P2C3 
PiAagc eerree cae 
P1A10 O P2B, 
P1AgO Riek O P2B2 
PWMrpp O= open drain O P2B3 
PWM3 O pe O POAQ/SDA 
PWM2 O open me { O POA/SCL 
PWM} © O POA2/SCK 
PWMg O O POA3/SO 
XOUT O eues O POBQO/SI 
XIN O O POBY 
REDO O POB2 
GREEN O O POB3/HSCNT 
BLUE O O HSYNC 
BLANK O 0 V5YNC 
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BLOCK DIAGRAM 


OSC\N O 


OSCouTo 


\y 


HSYNC © 


NOY, 


VSYNC © 


ioc KS) 
RED O 


GREEN O 
BLUE O 
BLANK O 


POAg/SDA © 
POA1/SCL 0 
POA2/SCK O L] seria 
POA3/SO 0 
POB3/SI Oo 


(2) 
> 


ot 


POB, © POB 
POB2 © 
POB3/HSCNT O Hsync Counter 


f 


POCg O 
POC, O 
POC O 
POC3 O 
PODQ/ADC) O 
POD1/ADC2 O 
POD2/ADC3 © 
POD3/ADC,4 © 
P1Co/ADCs © 
P1C1/ADCé¢ © 
P1C9/ADC7 O 
P1C30 


POC 


i===nennl 


rIrii 


A/D 


ADC © 
P1Ag O 
P1A, 0 
P1A20 
P1A30 
P1Bg © 
P1B10 
P1B20 
P1B3/TMIN o 


PIA 


Timer 
cont- 
roller 


ie 


ROM 
12,288 x 16 bits 


a 


a 
Stack 
7x 14 bits 
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2 
= 


9 0 0 © 
= 
O 
—s 


0000 
me) 
nN 
> 
ny 


O O O O 
m°) 
N 
@ 
—_ 


In 
(Neral <a 


Instruction 

Decoder 
XIN 
XOUT 


OV 
Reset OD 
O CE 


O GND 
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SINGLE-CHIP MICROCONTROLLER 


The uPD17102 is a four-bit single chip microcontroller which has a built-in LCD controller, D/A converter, and 


operational amplifier. This CPU uses the u.PD17000 architecture, allowing data transfer and operation between data 
memory areas or between data memory areas and peripheral circuits with only one instruction. It also supports 
16-bit (1-word) instructions. 


FEATURES 

4PD17000 architecture 

Program memory (ROM) : 4K bytes (2048 x 16 bits) 

Data memory (RAM) : 208 words (208 x 4 bits) 

Command execution time : 2.0 us (8 MHz, ceramic/crystal oscillator) 
Interrupting function (Internal: 3, and external: 2) 

8-bit timer/counter : 2 channels (built-in modulo) 

8-bit serial interface 


2-channel complete CMOS operational amplifier 

(Two operation modes available: NORMAL and SAMPLE/HOLD) 

@ 4-channel multiplexer input comparator 

@ 6-bit D/A converter 

@ Feasible to realize the 4-channel 6-bit A/D conversion function using the above-mentioned comparator and 
D/A converter 

@ LCD controller/driver 
(144SEGMENT x 2COMMON, 13SEGMENT x 3COMMON, and 12SEGMENT x 4COMMON) 

@ Zero-cross detection selectable 

@ Standby function (Stop/Halt) 


USE: 


Electronic rice cooker and blood pressure meter, etc. 


ORDERING INFORMATION 


Order Code Package 
uPD17102G-XXX-00 52-pin plastic QFP (bent lead) 
uPD17102G-XXX-03 52-pin plastic QFP (straight lead) 
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OUTLINE OF FUNCTIONS 


puPD17000 architecture 

Program memory (ROM): 4K bytes (2048 x 16 bits) 

Data memory (RAM) : 222 words (222 x 4 bits) 

Stack level : 3 levels 

Instruction cycle : 2 ps (when operated at 5.0 V and 8 MHz) 
Interrupting function : (Internal: 3, and external: 2) 

8-bit timer/counter : 2 CH (with modulo integrated) 


8-bit serial interface 

2-channel complete CMOS operational amplifier 

(Two operation modes available: NORMAL and SAMPLE/HOLD) 

4-channel input comparator with multiplexer 

6-bit D/A converter 

Feasible to realize 4-channel, 6-bit A/D conversion function using the above-mentioned comparator and D/A 
converter 

LCD controller (14SEGMENT x 2COMMON, 13SEGMENT x 3COMMON, and 12SEGMENT x 4COMMON) 
Zero-cross detecting function 

Standby function (STOP/HALT) 

Data/memory low supply voltage holding function 

Oscillator circuit for system clock (ceramic and crystal) 

Single power unit (3.0 to 6.0 V, but 4.5 to 6.0 V when the operational amplifier is used) 
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PIN CONFIGURATION (Top View) 


uPD17102 


a 
25203298 88 sas 
OO O> X KX Oo la > Oa a aa 
00 00000 0000090 
bal bal Bi] bol bo] b4) 9] 2] Bi) eo eo Pe] 

COM3/LCD12 0 40] © P1A3/AMP2IN— 
LCD11 0 41 O P1A2/AMP2IN+ 
LCD19 0 42) O P1A,/AMP1IN— 
LCDg OQ O P1AQ/AMP1IN+ 
LCDg O 44) O P1B3/ADC3 
LCD7 O 45 O P1B9/ADC2 
LCDg © 46 O P1B,/ADC, 
LCDs O O P1Bg/ADCg 
(Cbs ¢ 48} 18 © CMPIN/DAC 
LCD3 0 49 © POC3 
LCD © 50) O POC? 

LCD; Q 51) oO VoD2 
LCDo O 52 0 GND2 


oT (2S TJ EJ ts) Let 2d Le) Lol bol bd b2) by 


pH Of Oo QO COC>dogqg aoe aeoae ao dO Q 
Fes a2eagagaggsg 
ZZoqo6W6amrzZzePeeR kX eX 
= > -a go 

Ee gfe 

et 

S 

a. 
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BLOCK DIAGRAM 


INT 4 


POA1/SCK 
POA2/SO 
POA3/SI 


POBg 
POB 
POB2 
POB3 


POCo 
POC, 
POC? 
POC3 


POD9/AMP10UT 
POD1/AMP20UT 
POD? 
POD3 


P1AQ/AMP1IN+ 
P1A1/AMP1IN— 
P1A2/AMP2IN+ 
P1A3/AMP2IN— 


VDD 
GND, 
GND3 


INT 

_ Timer/Counter 2 ‘a 
INT ¥ 

INTo O Timer/Counter 1 + | 


POAg/TMOUT ¢ 


O 
ote] POA KY) 


1/0 


nos (—) 


OOOO 
vU 
[o) 
O 


ROM 


2 048 x 16 bits 


- Program Counter 


‘Stack 3 x 11 bits 
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LCD 
Controller 


Instruction 
Decorder 


CLK STOP 


O XIN 


OOOO 
i. 
QO 
O 


E 


oO XOUT 


o LCD11 
O LCD12/COM3 
O LCD13/COM2 
O COM, 


Y COMg 


ea 6 bit Mode 


O CMPIN/DAC 


o VpD2 
O GND» 


6 P1Bo/ADCo 
O P1B,/ADC, 
O P1B9/ADC2 
Y P1B3/ADC3 


©. RESET 


NV. E C uPD17102 


1. OUTLINE 


The 4PD17102 is a 4-bit single chip microcontroller which integrates all the following circuits on one chip: 4-bit 
ALU, program memory (ROM), data memory (RAM), !/O ports, timer/event counter, serial interface, vector inter- 
rupt circuit. 

This chip using the 4PD17000 Series architecture has various built-in peripheral circuits including analog circuits, 
allowing the user to incorporate it into electrical appliances and intelligent units in a distributed system for home 
automation. 

For program development, NEC supports the in-circuit emulator (1E-17K), so that the user can debug programs 
easily by using the emulator together with the SE board for each product. 
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2. PIN FUNCTIONS 


2.1 Input/Output Ports 


2.1.1 POAg to POA3 (Port 0A): Bi-directional input/output ports 

Port OA is a 4-bit input port (pins from POAg to POA3) with output latch circuits. 

This port is mapped to 70H at bank O in the data memory space and accessed with normal data memory opera- 
tion instructions. The direction of input/output is switched for all four bits by the POAGIO value. Setting POAGIO 
to ‘1’ outputs the value stored at 70H of bank O to the pin and setting to ‘‘0” disables output and sets input mode. 

Regardless of the POAGIO value, the pin status can be read with a data memory reference instruction. The con- 
tents of the output latch remain unchanged unless the data at 70H of bank 0 is rewritten. 

POAg is shared by the timer 1 output pin TMOUT. It operates as TMOUT when PTOUTON in the register file 
is “0” and in normal input/output mode. 

When TMOUT is selected, this pin outputs ‘‘1’’ at time 1 reset and reverses the output each time the timer 1 
value matches the contents of the modulo register. At this time, this pin is set in output mode regardless of the 
POAGIO value. The pin status at this time can also be read with a data memory reference instruction. The output 
latch as POAg is independent of TMOUT, and therefore data can be written to 70H of bank 0 even if the pin oper- 
ates as TMOUT and the data is output when PTOUTON is set to “0” while POAGIO is ‘1.’ 

POA, to POA3 are shared by SCK, SO, and SI of the serial interface. The PAO pin is set in normal input/output 
mode when the SIOON value in the register file is ‘‘O’’ and used as the SIO pin when it is “1.” 

In the port OA input/output format, either of the Nch open/drain input/output or Nch open/drain input/output 
with a built-in pull-up resistor is selectable by the mask option. In Nch open/drain input/output mode, the port has 
a 9V withstanding voltage and is suitable for an interface with a circuit using a different supply voltage. By using the 
Nch open/drain input/output structure, a 2-wire serial interface can also be used. 

When SIOON is ‘1, data cannot be output to the SCK and SO pins as a port. Even if data is transferred to 
address 70H of bank O, this data cannot be input to POA; to POA3. At this time, only POA3 is available. 

When the SCK pin is in input mode, however, data can be written to the POA, output latch. 
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Table 2-1 Port 0A functions 


, bank 0, 70H 
All four bits are 
valid. 
All four bits are 
valid. 
Only POAg 
is valid. 


Only POAg 

7 

All four bits are (Pin status) a ie 
All four bits are POA2 
aes 


Only POAg is 


Note: If data is written to 70H of bank 0 when SIOON is ‘’1,'’ this data can be written to POA, only when the SCK pin 
is in input mode. 


2.1.2 POBo to POB3 (port 0B), POCg to POC3 (port OC): Bi-directional input/output 

Ports OB and OC are 4-bit input/output pins with output latch circuits: From POBg to POB3 and from POCp to 
POC3. These ports are mapped to 71H and 72H of bank 0 in the data memory space, respectively and are accessed 
with normal data memory operation instructions like port OA. The direction of input/output is switched for all 
4-bits by the POBGIO or POCGIO value in the register file. Setting the value to ‘’1’’ outputs the data at 71H or 72H 
of bank 0 to the corresponding pin and ‘’0” disables the output and sets the input mode. Regardless of the POBGIO 
and POCGIO values, the pin status is read when a data memory reference instruction is executed. At this time, the 
contents of the output latch remain unchanged. 

The input/output format of ports OB and OC is the CMOS (push/pull) type. 


Table 2-2 Functions of ports OB and OC 


bere ae Write to bank 0, 71H or 72H Read from bank 0, 71H or 72H 
aa direction of pin eho eee sl ead trom bank U, or 


Input (output disable) 
Available 


Available (pin status input) 
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2.1.3 PODg to POD3 (port D): Bi-directional input/output 


Port OD comprises 4-bit input/output pins with output latch circuits. It is mapped to 73H of bank O in the data 
memory space. The input/output direction is switched by the PODGIO value in the register file. 

PODg is shared with the AMP1 output pin AMP1OUT, and POD, is shared with the AMP2 output pin AMP2OUT. 
These bits are used in normal input/output mode when the AMP1EN or AMPZ2EN values in the register file are 
“0” and as AMP1OUT and AMP2OUT respectively when the values are ‘1.’ 

When AMP10UT and AMP2OUT are selected, the pins are used as the AMP1OUT and AMP2OUT output pins, 
regardless of the PODGIO value. A data memory reference instruction reads the pin status regardless of the function 
selected for the pin. At this time, the pin potential is intermediate, the read value is undefined. The uPD17102 reads 
only at the moment the instruction is executed and disables other input circuits. Therefore, the through current does 
not flow through the input circuit. 

The PODo and POD, output latch circuits are independent of AMP1OUT and AMP2OUT. Therefore, data can be 
written to bank 0, 73H by setting AMP1EN and AMP2EN to ‘’1” even if the pins operate as AMP1OUT and 
AMP20OUT. When PODGIO is ‘’1,”" the pins output data as a port by setting AMP1EN and AMP2EN to “’0.”’ 

The port OD input/output format is CMOS (push/pull) input/output. 


Table 2-3 Port OD functions 


Write to Read from Pin function 


bank 0,73H | bank 0, 73H POD, POD> 
POD,IN | POD2IN | POD3IN 


All four bits Enable. PODp OUT POD, OUT POD2 OUT POD3 OUT 


are valid. Pin status. E 


AMP10OUT | AMP2OUT = 
POD2OUT | POD3 OUT 


Note: The AMP output control is selectable for AMP1/2 separately. 


2.1.4 P1Apo to P1A3 (port 1A): Input 

Port 1A comprises 4-bit input pins. 

It is mapped to 70H of bank 1 in the data memory space. 

P1Ao and P1A, are shared with AMP1 non-reverse input (AMP1IN+) and reverse input (AMP1IN—j, PI1A and 
P1A3 are shared with AMP2 non-reverse input (AMP2IN+) and reverse input (AMP2IN—). These pins are not 
switched and are always connected to both input circuits of the operator amplifier (analog input) and port (digital 
input). 

When used as analog input pins, apply an intermediate potential or AC voltage. If a data memory reference 
instruction is executed at this time, an undefined value is read. Similar to port OD, the through current does not flow 
through the input circuit. 

Port 1A has three mask options: With pull-up resistor, with pull-down resistor, and with no built-in resistor. When 
the pins are used as analog input pins, select the mask option for no built-in resistor. Otherwise, the pins may not 
operate normally. 

Output instructions to the port (data write to 70H in bank 1) are invalid. 
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Table 24 Port 1A function 


Read from bank 1, 70H (logical input) Write to bank 1, 70H Analog input 


Enable 
(Pin status input) 
(Undefined at intermediate potential) 


Disable Always connected to AMP input. 


2.1.5 P1Bp to P1B3 (port 1B): Input 
Port 1B comprises 4-bit input pins. 


It is mapped to 71H of bank 1 in the data memory space. 

Only one of these pins can be set as the input pin of the non-reserve input from the comparator by ADCCHO and 
ADCCH1. For more information, see Section 3.12. Similar to ports OD and 1A, the pin status of port 1B is read with 
the data memory reference instruction, regardless of the selected pin function, and the through current does not 
flow through the input circuit even if the intermediate potential is applied. 

Port 1B also has three mask options: With pull-up resistor, with pull-down resistor, and with no built-in resistor. 
When the pins are used as analog input pins, select the mask option for no built-in resistor. Otherwise, the pins may 
not operate normally. 

Output instructions to port 1B (data write to 71H in bank 1) are invalid. 


Table 2-5 Port 1B function 


Read from bank 1, 71H (logical input) Write to bank 1, 71H Analog input 


Enable Either pin is connected to 


(Pin status input) 


Disable the comparator input 


(by ADCCHO and ADCCH1). 


(Undefined at intermediate potential) 


2.2 INTo, INT, 
INTo and INT, are interrupt request input pins for which the active rising or falling edge is selectable by IEGo 


and IEG;. At the rising or falling edge of the INTg or INT, signal selected by 1EGg and IEG}, the interrupt request 
flag (IRQO, |1RQ1) is set. 

To prevent malfunctions from noise, the pins has a built-in noise remover. The status of the pin for which noise 
is eliminated by the noise remover is read by referencing INTg and INT; in the register file with the PEEK instruc- 
tion, so that the pins are simply used as input pins. 

In addition, INTo/INT, are the count clock input pins of timer 1/2, respectively, and are used when external 
clocks are selected as timer count clock sources. When sharing the timer input and INTo/INT interrupt request 
input, note that the INTo/INT, interrupt request flag is also set by the clock. 

The INT, pin is also used to detect zero-cross when ZCROSS in the register file is set to 1.” 


2.3 CMPIN/DAC, Vpp2, GND2 

Vpp2 and GNDo are pins used to apply the reference voltage of the built-in 6-bit D/A converter. Apply the Vop 
potential to Vpp2 and the GND potential to GND2. These two pins are separated from Vpp and GND and can have 
separated digital and analog power sources. The applied voltage between the pins is divided into 26 steps (64 steps). 
The analog value corresponding to digital data stored in four bits of 72H and high-order two bits of 73H of bank 1 
in the data memory space is the D/A converter output. 

To output the D/A converter data from the CMPIN/DAC pin, set DACEN to ‘‘1”" and CMPEN to “0” in the 
register file. 
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To use a comparator, set DACEN to “0” and CMPEN to ‘1” in the register file. At this time, the CMPIN/DAC 
pin operates as the reverse input pin of the comparator (CMPIN). Apply a voltage with the same potential as Vpp to 
the Vpp2 pin. Also apply the same potential to GND2 pin to minimize the current flowing through the D/A con- 


verter which is not used. 

When using the 6-bit D/A converter under program control, set DACEN to ‘1’ and CMPEN to ‘’1” in the register 
file. At this time, D/A converter data is not output externally, but is directly input to the comparator reverse input 
pin. Therefore, the CMPIN/DAC pin is not used. 


Table 2-6 Vpp2, GND2, and CMPIN/DAC functions 


DACEN | CMPEN Vpp2 


Vpp potential indicates that Vpp potential is applied externally. 


Note: DACEN and CMPEN are set to ‘‘O” at reset. 


2.4 Vico 

Vicp is a power supply pin for driving the liquid crystal display panel (LCD panel). 

Depending on the bias method used, it generates the 1/2 Vicp, 1/3 Vicp, and 2/3 Vicp voltages. When using 
LCDo to LCD;3 as the output pins, apply the high voltage under the supply voltage (Vpp). 


2.5 LCDo to LCD1;, COM3/LCD 12, COM2/LCD 13, COM, COMo 

LCDp to LCD1;, COM3, LCD12, COM2/LCD13, COM,, and COMg are LCD panel segment driver pins used to 
select drive method, such as 14-segment 2-common, 13-segment 3-common, 12-segment 4-common. 

LCDo to LCDj3 are used as output pins when LCDEN in the register file is ‘’0.’’ At this time, COM, and COMg 
are not used. 

For more information on the LCD panel, see Section 3.10. 


Table 2-7 LCDo to LCD,;,, COM3/LCD 12, COM2/LCD13, COM, and COMg functions 


LCDEN LCDg to LCD;;, COM3/LCDj12, COM2/LCD 43 COM,, COMo 
Co. LCD drivers and common drivers 


2.6 Xin, Xout 
Xin and Xour are pins used to connect the oscillation vibrator in the system clock generator. 


2.7 RESET 
RESET is a low-level active reset input pin. The reset has priority over all other operations. 
In addition to CPU initial start, this pin is also used to release standby mode. 
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2.8 Vpp1 
Vpp1 is a positive power supply pin. 


2.9 GND,, GND2 
GND, and GND2 are GND potential pins. Wire them so that the same potential is used externally. 


2.10 Pin Mask Options 
The “PD17102 pins have the mask options listed below. These option can be selected bit according to purpose. 


POAK to POA (1) Nch open-drain input/output 
fe) 
. ‘ (2) Nch open-drain plus built-in pull-up resistor input/output 


(1) No built-in resistor 


P1Ao to P1A3 
P1Bo to P1B3 


(2) Built-in pull-up resistor 
(3) Built-in pull-down resistor 


(1) No built-in resistor 
(2) Built-in pull-up resistor 
(3) Built-in pull-down resistor 


(1) No built-in resistor 
(2) Built-in pull-up resistor 
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2.11 Pin Input/Output Circuits 


The Input/output circuit of each pin of the uwPD17102 is shown below in a partly simplified format: 


(1) POAg to POA3 


VDD 


Mask option 


Data 


Output disable 


Input buffer 


(2) POBg to POB3, POC to POC3, PODg to POD3 


VDD 


Data 
Pch 


Output disable 


Input buffer 
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(3) P1Ag9 to P1A3, P1Bo to P1B3, INTo, INT, 


VDD 


Mask option 


O 
Mask option 
Input buffer 


VDD 


(4) RESET 


—“VW\\— 


Mask option 


Input buffer 
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Table 2-8 Digital input/output port pin functions 


PIN NAME i Na FUNCTION WHEN RESET 


ae TMOUT 
Input/output 

—— 

| POAZ 


4-bit 1/O port (port OB) a, 
POBo to POB3 Input/output iargecument (iS aA) High impedance (input) 
4-bit 1/O port (port OC) 
POCg to POC3 Input/output P ed High impedance (input) 
Large current (15 mA) 


AMP1OUT 


4-bit |/O port (port 0A) High impedance (POAn input) 


High impedance (PODn input) 


High impedance (input) 


Input/output AMP20UT 4-bit |/O port (port OD) 


Middle current (10 mA) 


POD? to POD3 


AMP1IN+ 


P1A4 AMP11N- 
4-bit input port (port 1A) 


PIAQ AMP2IN+ 


P1A3 AMP2IN- 


P1Bo 


4-bit input port (port 1B) 


S 
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Table 2-9 Pins other than port pins 


Used as both the timer 1 count 
INTo Input clock input pin and the external Input 
interrupt input pin. 


Used as the timer 2 count clock 
input pin and external interrupt 
INT, Input input pin. Input 
Zero-cross detection function is 
selectable. 


AMP10UT AMP1 output pin PODg input 
Output 

AMP20UT AMP2 output pin 
AMP1IN+ AMP1 non-reversed input pin 
AMP1IN— AMP'1 reversed input pin 

Input Input 
AMP2IN+ AMP2 non-reversed input pin 
AMP2IN— AMP2 reversed input pin 


D/A converter reference voltage 
Vpp2 Input y Gas or 
input pin (high-potential side) 
D/A converter reference voltage 
GND2 Input ; ; a 
input pin (low-potential side) 
Used as the D/A converter output High impedance 
CMPIN Input/output ; j F 7 4 
pin and comparator input pin. 
LCDo to LCD segment driver output pin. 
. Output 4 ee Output 
LCD}, Also used as the output port. 
Output output and LCD segment driver Output 
pin. Also used as an output port. 
COMy, COM, LCD common driver output pin 


LCD driver split potential setting 
Vicp Input si Input 


ee 
es 
ee 
es ee 
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3. INTERNAL BLOCK 


3.1 Program Counter (PC) 
The program counter (PC) is an 11-bit binary counter that retains address data of the program memory (ROM). 


Fig. 3-1 Program counter configuration 


When the RESET signal goes to low, the PC is set to 0. 

Usually, the counter is incremented by one each time an instruction is executed. 

The CALL instruction saves the contents of the counter (return address) to the stack memory then loads the 
branch destination address to the counter. Return instructions (RET, RETSK, and RET1I) load the contents of the 
stack memory (return address) to the counter. The branch instruction (BR) loads the branch destination address 
to the counter. The ROM data reference instruction (MOVT) temporarily loads the address at which the data to be 
referenced is stored to the counter. Take care with the level because the contents of the PC are saved to the stack 
memory immediately before the address is loaded. 

In Fig. 3-2, AHn, AMn, and ALn are addresses indicated by the instruction operand. (See Fig. 3-3.) ARmm is bit 
n in the address register (ARm) which contains the address to be loaded to the program counter. SP is the stack 
pointer which points to the contents of the stack memory. 


Fig. 3-2 Relationship between instructions and values to be loaded 


PC10 PC7 PC6 PCS PC4 PC3 PC2 PC] PCO 


(SP) (SP) ) | (SP) 
rave [ann [ai co 
cee AR13 | AR12 ARI /AR10 ARO3 | ARO2 , ARO1 , AROO 


Fig. 3-3 Instruction word configuration 


RET, RETSK, RETI 


BR, CALL 
BR@AR, CALL@AR, MOVT 


MSB Instruction LSB 
FH EH DH CH} BH AH 9H 8H | 7H 6H 5H 4H | 3H 2H 1H OH 


————$——— Tt tf T Tt T  F Ft T F 


Operand codes AH2 AH1 AHO AM3 AM2 AM1 AMO AL3 AL2 AL1 ALO 


Operand 
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7. ASSEMBLER RESERVED WORDS 


7.1 Mask Option Pseudo Instructions 
For coding uPD17102 programs, a mask option must be specified in Assembler source programs with the mask 
option pseudo instruction. 
The following pins require the mask option: 
@ POAg, POA,, POA2, POA3 
P1Ag, P1A,, P1A2, P1A3 
P1Bo, P1B,, P1Bz, P1B3 
INTo, INT, 
RESET 


7.1.1 OPTION and ENDOP pseudo instructions 

From the OPTION pseudo instruction to the ENDOP pseudo instruction is referred to as the mask option defini- 
tion block. The format of this block is shown below. 

Only the six pseudo instructions explained in Section 7.1.2 can be input to the mask option definition block. 


Format: 


Symbol field Mnemonic field Operand field Comment field 
[level :] OPTION [comment:] 


ENDPOP 


7.1.2 Mask option definition pseudo instructions 
Table 7-1 lists the pseudo instruction that are allowed in the mask option definition block. 
An example for defining the mask option is shown below. 


Format: 
Symbol field Mnemonic field Operand field 
[level :] OPTP1A P1APLUP, P1APLDW, OPEN, OPEN 


PIA, and PIAo are open. 
PIAz is pull-down. 
PIA3 is pull-up. 
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Table 7-1 Mask option definition pseudo instructions 


: Pull up 
POAg to POA3 OPTPOA 
: Open 
P1APLUP — : Pullup 
P1Ap to P1A3 OPTP1A P1APLDW_ : Pull down 
OPEN : Open 
P1BPLUP — : Pullup 
P1Bo to P1B3 OPTP1B PiBPLDW_ : Pull down 
OPEN : Open 


INTOPLUP_ : Pull up 
INTo OPTINTO INTOPLDW : Pull down 
OPEN : Open 
INTIPLUP : Pull up 
INT, OPTINT1 1 INTIPLDW : Pull down 
OPEN : Open 
RESPLUP - : Pull 
RESET OPTRES meas 
OPEN : Open 


7.2 Reserved Symbols 
Table 7-2 lists the symbols defined in the u.PD17102 device file. These defined symbols include the control 
register names, port names, and peripheral device names. 
(1) Control registers in register file 
The names of the control register assigned to data memory addresses 80H to BFH in bank O are defined. These 
registers are accessible through the window register (WR) with the PEEK and POKE instructions. 
(2) Registers and ports in data memory 
Registers assigned to data memory addresses OOH to 7FH, and ports and system registers assigned to 70H and 
after are defined. 
(3) Peripheral circuits 
Peripheral circuits accessible with the GET and PUT D/A converters are defined. 
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Table 7-2 List of reserved symbols (1/4) 


Tones [ mew | 9008 | Aw | BN Teton Tat eau 
[eere | mew | oan | RW | Bic Hoi ofan butler 
| DBF1 =| = MEM | .0EH_~— | RW _—s| _sBit7 to bit 4 of data buffer 
| pBFo =| = MEM | 0FH | RWC Bit 3 to bit 0 of data buffer | 
ee 
a2 [we [ort [eset 


BANK 
IXH 


Di aD} a 
oO 3 


OQ 


FLG O7FH.2 


Carry flag 


0.66H 


areas [aw 

[arena | aw 

a yo 

ee [AW | LCD waren 

esa [ AW | LCD wyment2? 

asm [nan | bcos 
ost am 


LCD segment 6 
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Table 7-2 List of reserved symbols (2/4) 


DESCRIPTION 


LCD segment 7 


a et 
ne ne A 
tco0i8 | —wew | esa) mw | 60 waren 
= tcob51 [we | een mw | wert 
cob: [wen | ncn) mm) rane t@ 
coors | wew | e60H mw) Leb wrene @ 
0.70H.3 R/W Port OA bit 3 

FLG Ww Port OB bit 1 

R/W 


R/W 
0.71H.1 R 


f 
| Poot | FLG | .73H.1 R/W Port OD bit 1 
0.73H.2 R/W Port OD bit 2 
0.73H.3 R/W Port OD bit 3 
1.70H.2 R Port 1A bit 2 
1.70H.3 R Port 1A bit 3 
ST 
Tras [rte aims [| pote 
a a 


Port OC bit 1 


—+—___— 


0.72H.2 R 


Port OC bit 2 
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Table 7-2 List of reserved symbols (3/4) 


[oar | mew | 173H | RM | _O/Aconeriondoamnstoon0 
-—oacow@ [ris | 17040 | _R | _Remltofeomparion 
se | mew | 06H | RW | Sukpommr 


Selection of serial clock 


SIOCK1 FLG 
SIOCKO FLG 


0.8FH.2 R Status of INT, pin 


a 

oh 
AMP1EN FLG 0.A1H.3 R/W 
AMP1MD2 FLG | 0.A1H.2 R/W 


AMP2MD1 FLG 0.A2H.1 R/W Be sure to write ‘‘0’’ 


ADCCHO FLG Comparator input selection 
PODGIO FLG 
PODGIO FLG 


POBGIO FLG 0.A7H.1 
POAGIO FLG 0.A7H.0 


ZCROSS FLG 


TM1RES 
TM1CK1 
TMicko. | FLG 
TM2EN 
TM2RES 


TM2CK1 


Port OD 1/O selection 


Port OC I/O selection 
Port OB 1!/O selection 
Port OA I/O selection 
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Table 7-2 List of reserved symbols (4/4) 


Pris [earns [an | INTSIOpemittig 


FLG 
sioon | Fie | ears w|i 
| IRQ1 | FLG 0.BEH.O R/W INT1 interrupt request 
Pinosi [te | ~earea | Rm | INTS0 mops maak 
[noo te) oar | aa] NTO erupt ree 


[wef bat ain | timer counter id 


Note: ‘’W. XYH. Z” in the value field indicates 


W ..... Bank 

» Sarre Row address 
Ypres Colum address 
7 ae Bit 
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8. INSTRUCTION SET 


Table 8-1 List of instruction sets 


# j 
SUB # j 
ADDC mm, #i 


SUBC +r, m SUBC m, #i 


# i 


MOVT DBF, @AR 
BR @AR 
CALL @AR 
RET 
RETSK 


ese 
Se 
Toe OCS 
pane [eset 
A 
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Table 8-2 List of INSTRUCTIONS 


Legends 
M : One of data memory specified by [(BANK). m] PC : Program counter 
m : Data memory address specified by [mH,mL] of each bank SP - Stack pointer 
m, : Date memory address high (row address) : 3 bits STACK _ : Stack specified by (SP) 
m, : Data memory address low (column address) : 4 bits BANK : Bank register 7 
R : One of general register specified by [(RP) .r] (AR) rom : One of program memory data specified by (AR) 
r : General register address low (column address) : 4 bits INTEF : Interrupt enable flag 
RP _ : General register pointer i : Immediate data : 4 bits 
RF : One of register file specified by rf n : Bit position : 4 bits . 
rf : Register file address specified by [rfH,rfL] addr : One of program memory address : 1 bits 
rf,  : Register file address high (row address) © 3 bits an : Program memory address high 13 bits 
tf,  : Register file address low (column address! : 4 bits ay: Program memory address middle : 4 bits 
AR : Address register ay - Program memory address low : 4 bits 
IX : Index register CY : Carry flag 
IXE  : Index register enable flag CMP : Compare flag 
DBF : Data buffer S : Stop release cond:tion 
WR : Window register h - Halt release condition 
MP : Memory pointer { J : Address of M,R.RF 
MPE : Memory pointer enable flag ( ) Contents of M,R.RF,AR.IX,DBF,WR,PE 
PE : Peripheral 
p : Peripheral address 
Pu : Peripheral address high (row address) 3 bits 
Pi : Peripheral! address low (column address! 4 bits 


Machine code 


| m, i | Add immediate data to memory M. CY (M) 41 10000 Fimn | me | i | 
iram | Add memory to register with carry R. CY* (R) + (M> + (CY) | 00010 


Mnemonic Operatior. 


Addition 


> 
=] 
Hi 


Add immediate data to memory with carry R, CY (M) +i- (CY) My | ML 
Increment address register AR+AR#+1 00111 | 000 | 1001, 0000 


ADD 


Subtract memory from register with borrow 
Subtract immediate data from memory with borrow M. CY*+ (M) -i- (CY) 


WN ~ 
CG Z. 
Bi 


r.m 
r,m 
AR 
r,m 
m 


Cc 
bs Subtract immediate data from memory M. 10001 | my | my of 
i 
Z| SUBC 
jtoorr | my | me | i 
SKE Skip if memory equal to immediate data M-1.skip if zero 01001 | my | me | i | 


SKGE Skip if memory greater than or equal to immediate data | M~-1,skip if not borrow 
LT | m, #3 | Skip if memory less than immediate data M-—.1.skip if borrow 


7) 
“a 


Comparison 


SKNE Skip if memory not equal to immediate data M —-1.skip if not zero 
[m, 8i Logical AND of memory and immediate data M+ (M) AND1 
ee [ee 
D 


Logical operation 


Logical AND of register and memory R+ (R) AND (MM) 00100 


Logical XOR of memory and immediate data M+ (M) XORi Fm | m| i | 
Logical XOR of register and memory R= (R) XOR (MM) 90101 


Logical OR of memory and immediate data M+ (M) ORi | 10110 | my | mi | i | 
Logical OR of register and memory R+ (R) OR (M) 00110 | 
Ea 
et soo [me Pm 
m,@r 


XOR 
LD Mm r 


@ M dextinat} if MPE=1, [(MP), (R) }—(M) 
r,m ove memory to destination memory referring to register if MPE=0, [ (my). (R) }—(M) My | My, r 
MOV M ‘ies if MPE=1,M~[(MP), (R)] a ve 
ove source memory referring to register to memory if MPE=0,M<[(m,) . (R)] H L r 


DBF sp (sp) = 1,STACK—PC 
@AR_ | Move ROM data from the address specified in AR to DBF | DBF--(AR) rom, 0000 
PC+STACK ,sp*-(sp) +1 


PUSH Decrement SP,then move AR to stack top SP+(SP) -1,STACK*AR | 00111 | 000 | 1101 | 0000 | 
Move stack top to AR.then increment SP AR=STACK,SP+SP +1 00111 | 000 | 1100 | 0000 
WR.RA | Get RA from RF through WR WR<(RF) | 0011 | fy | oon | rf | 
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= 
ie) 
< 
4 


PEEK 
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Operand Function Operation - 
PE [a [ne [ 
POKE |RA.WR| RAWR| WR| Put data on WR into RA of RF (RF) —WR EMC Cues 


Test memory bits, CMP<0) 
then skip if all bits specified are true skip if M(N) =all“1" 


Decision 


Test memory bits, CMP<0 
then skip if all bits specified are false skip if M(N) =all"0" 


Jump to the address PC<-ADDR 
PC<AR 


(CY)—(R)—-CY 


SP—(SP) -1 
STACK*((PC) +1), 
PC—ADDR 


c 


S 
S 
So 
o 


SP—(SP)=—1, 
STACK=-((PC) +1), 
PC+-(AR) 


Subroutine 


PC—(STACK) ,SP+-(SP) +1 
and skip 


Return to main routine from subroutine,then skip 
unconditionary 


PC+-(STACK) ,SP«-(SP) +1 
BANK<«(interrupt stack) 


Interrupt 


Halt the CPU, restart by condition H HALT 


Others 
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9. ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (Tg = 25 °C) 


NEC 


Supply Voltage Vpp —0.3 to +7.0 V 
Input Voltage Vi —0.3 to Vpp +0.3 V POA (1) 
—0.3 to +11 V (2) 
—0.3 to Vpp + 0.3 V All pins other than POA 
Output Voltage Vo —0.3 to Vpp +0.3 V POA (1) 
—0.3 to +11 V (2) 
—0.3 to Vicp +0.3 Vv Segment/common pins 
—0.3 to Vpp +0.3 V Pins other than above 
High-Level Output Current IOH —5 mA 1 pin 
—20 mA Total of all pins 
Low-Level Output Current lot 15 mA 1 pin POA, POD 
30 mA POB, POC 
100 mA Total of all pins 
Operating Temperature Topt —40 to +85 °C 
Storage Temperature Tstg —65 to +150 ~~ 
Power Consumption Pq 190 mW Ta =85°C 


Remarks: 1. N-ch open/drain output plus built-in pull-up resistor output 
2. N-ch open/drain input/output 


CAPACITY (Ta = 25°C, Vpp = 0 V) 


[owen if cour |) 
[now covey [0 [| | 8a 


CHARACTERISTIC 


= 1 MHz 


Pins other than those measured: 0 V 
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DC CHARACTERISTICS (Ta = —40 to +85 °C, Vpp = 3.0 to 6.0 V) 


[eeenscrenere —Tovwmos [ww [we [wns [wr] covorven 

Tym [eevoo] | 2 |v [ase 
a 
eee ee 
vis 


Vaca pT 0.2 Vpp L * | SI, SCK, INTo, INTy, RESET 
Vit2 | o fF | 0.3 Vpp Pins other than above 


Vpp = 4.5 to 6.0 V 
Vpp-2.0 | Vpp—0.4 V 
ad cd lon =—1mA 
VOH OH 


Vpp-1.0 Vpp-0.04 04, A lon = —100 uA 
POB, POC loL = 15mA 


ov | lo_ = 600 vA 
V =4.5to6.0 V 
2.0 Vv DD ig 
lot =10mA 
POA, POD Vpp = 4.5 to 6.0 V 
lol =1.6mA 
OL = 400 ua | OL = 400 ua | 
Other than y y 
LIH1 XI a xo IN= YDD 


Other than 
Vin=O0V 
MOL Xl and XO 


ILOH2 


High-Level Input Voltage 


Low-Level Input Voltage 


High-Level Output Voltage 


Low-Level Output Voltage 


High-Level Input Leak Current 


Low-Level Input Leak Current 


High-Level Output Leak Current 


Low-Level Output Leak Current 


Input pin with built-in resistor 
(pull up/pull down) 


Input pin with built-in resistor (pull up) 


Input pin with built-in resistor (pull down) 


Vpop =5 Vi 10% 
foc = 8 MHz 


Vpp =3V+10% 


Operation 


oe Halt mode 
Vpp=3Vt10% 
foc = 2 MHz 


IpDD3 Stop mode 


Vpp =5V+10% 
foc = 8 MHz 


Supply Current (4) 
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Vpp = 4.5 to 6.0 V 


Total output of all 
segment pins 


At port 
Current 2 mA or less 


Vpp = Vicp = 4.5 
to 6.0 V 


operation 


Resistance Between Vi cp and 
GND 


Remarks: 3. When N-ch open/drain input/output is selected 
4. The current that flows through the built-in pull-up or pull-down resistor is excluded 
5. 3.5 k2 (typ.) when switching between the common and segment output. 


AMPLIFIER CHARACTERISTICS (Tg = —40 = +85 °C, Vpp = 4.5 to 6.0 V) 


In-phase Input Voltage | Vicm | oo | | 3.6 Vv 


Vpp = 5.0 V 


Output Voltage Range 


< 
O 
S 
4 


| 


Unity Gain Frequency ive) 


Large Amplitude Gain 


Output Current 


i an oe 
Oo 
Cc 
4 


CMRR 


SVRR 


Through Rate 


Hold Time ms Sample/hold amplifier mode 


tsAmpP 0.05 
Input/Output Voltage Error VDIF + | Sample/hold amplifier mode 


6 +18 
Input Voltage Range | VIN ee ee Vv Sample/hold amplifier mode 


COMPARATOR CHARACTERISTICS (Tag = —40 to +85 °C, Vpp = 4.5 to 6.0 V) 


; AX. 
S DD 
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D/A CONVERTER CHARACTERISTICS (Tg = —40 to +85 °C, Vpp = 4.5 to 6.0 V, 
Vereen = Vopo.- Vrert = 9 V) 


[—chanacrenioric _[owwoot | ww [tye wax [owt] conomion 
fRoownen SS ef 

met ot ae 
[ao conwsontimes [| * | | te | 


Remarks 6: IC indicates ‘instruction cycle”’. 


D/A Conversion Time (6) 


ZERO-CROSS CHARACTERISTICS (Tag = —40 to +85 °C, Vpp = 4.5 to 6.0 V) 


[—eranacrenine —[evweoe | wm [ve [wax [uw] conomow 
vex | 08 | 20 | [vee [mwas 
[onesie Fewer [fax | 0 | 4 | [wel 


Detection Input Level 


DATA MEMORY DATA RETENTION CHARACTERISTICS AT LOW SUPPLY VOLTAGE 
IN STOP MODE (Tag = —40 to +85 °C) 


[_evanacreniene _[evwsor] ww [ve [wax [unr] eonormow 
Moon [72] ee fp 
Ciooon || ov | 80 [oA |Vooon=20v 
riser | ef} | 


| 219/Fx ms Release by RESET (7) 
| 
a : 


Remarks: 7. fx indicates the oscillator frequency. 


Data Retention Supply Voltage 


Data Retention Supply Current 


Release Signal Set Time 


Wait Time for Stable Oscillation 
Release by interrupt request 


8. According to the timer 2 value. 
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Data Retention Timing (Stop Mode Release by Reset) 


Internal resetting operation 


Halt 
Stop mode mode Operation 
mode 
Data retention mode 
V t 
Execution of DDDR SREL 
STOP instruction 
rte ener eat 
RESET 
tWAIT 
Data Retention Timing (Stand-by Release Signal: Stop Mode Release) 
Halt 
ep mood mode Operation 
mode 


Data retention mode 


VDD 
V R t 
Execution of ie SREL 
STOP instruction 


STANDBY RELEASE signal 
(Interrupt request) 
tWAIT 
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AC CHARACTERISTICS (Tag = —40 to +85 °C, Vpp = 3.0 to 6.0 V) 


CHARACTERISTIC SYMBOL Fomin. | tye. | Max. | UNIT CONDITION 
30 


po | Vpp = 4.5 to 6.0 V 
fpo duty = 50% 


t 
Event Input Rising/Falling Time ie Excluding zero-cross mode 
POF 


Event Input High/Low Level tPOH Ms Vpp = 4.5 to 6.0 V 


us | 
input 
Vpop = 4.5 to 6.0 V 
At data 
output 


At data 
input 


At data 
Output 


At data 


input 


At data 
Output 


At data 


input 


Internal Clock Cycle Time tcy 


— 
jo) 
oO 
=) 
x 
x= 
N 


Event Input Frequency 


et 
: Oo 


SCK Input Cycle Time (9) tKCY 


13.0 


Vpp = 4.5 to 6.0 V 


SCK Input High/Low Level 
Width (9) 


tKH 
tKL 


MS 
Us 
At data 


us 
Output 


o 


Be 


SI Setup Time (to SCKT) mM 


SCKJ — SO output delay time (9) us Cp = 100 pF 


t 
INT high/low level width 10H us 
tlOL 


Remarks 9: For SI, SO and SCK pins, the N-ch open/drain output plus built-in pull-up resistor input/output. 
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AC Timing Measuring Point (INTo, INT;, SI, SCK and SO Pins) 


Measuring point 


Measuring point 


Event Input Timing 


Event input 
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Serial Transfer Timing 


XL XL 


SCK 


tXs| 


S| 4 Input data » 


txso 


SO < Output data 


INT Input Timing 


NOL tlOH 


INTO 
INT 


RESET Input Timing 


TRSL 


RESET 
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10. RECOMMENDED SOLDERING CONDITIONS 


The following conditions (see table below) must be met when soldering this product. 
Please consult with our sales offices in case other soldering process is used, or in case soldering is done under 
different conditions. 


TYPES OF SURFACE MOUNT DEVICE 
For more details, refer to our document “SMT MANUAL” (IEI-1207). 


uPD17102G 


Peak package's surface temperature : 230 °C or below, 1R30-00 


VP15-00 


WS60-00 


Infrared ray reflow 


Reflow time : 30 seconds or below (210 °C or higher), 


Number of reflow process : 1, 
Exposure limit* : None 


Peak package's surface temperature : 215 °C or below, 
Reflow time : 40 seconds or below (200 °C or higher), 
Number of reflow process : 1, 

Exposure limit* : None 


Wave soldering Solder temperature : 260 °C or below, 


Flow time : 10 seconds or below, 


Number of flow process: 1, 
Exposure limit* : None 


Terminal temperature : 300 °C or below, 


Partial heating method 


Flow time : 10 seconds or below, 


Exposure limit* : None 


*: Exposure limit before soldering after dry-pack package is opened. 
Storage conditions: 25 °C and relative humidity at 65 % or less. 
Note: Do not apply more than a single process at once, except for ‘Partial heating method”. 
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11. DEVELOPMENT SUPPORT TOOLS 


The following tools are supported for developing systems using the uPD17102 chip. 


SE-17102 


EP-17102G 


uPD17000 
Series 
Assembler 
AS17K 


Device file 


SIMPLEHOST* 


*: Under development 


IE-17K is an in-circuit emulator available for all the u.PD17000 Series chips. 
For the uwPD17102 chip, use IE-17K and the optional SE-17102 together. 
When connected to a personal computer, IE-17K adds and modifies pro- 


grams in real time. A PC-9801 personal computer runs the support software 


SIMPLEHOST, providing a more advanced development environment. 


SE-17102 is an emulation board (SE board) used to evaluate the system by 


mounting the program developed by IE-17K and loading the board instead of 


the uPD17102 to the system. 


Probe used to connect the target system. 


Host machine 


MS-DOSTM 
(Ver 2.11 or later) 


PC-9800 Series 
(excluding PC-98LT) 


Used together with the uPD17000 Series Assembler 
AS17K (for u4PD17102 only). 


Program to support man-machine interface when con- 


necting PC-9801 to IE-17K. 
MS-WINDOWS'"™ is required. 


ms-DOS!™ and MS-WINDOW! are the trademark of Microsoft Co., Ltd. 
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Order name 
(product name) 


US5A1AS17K 
(8° 2D) 
US5A10AS17K 
(5° 2HD) 


US5A1AS17102 
(8’2D) 
US5A10AS17102 
(5’° 2HD) 


USSA1IE17K 
(8° 2D) 
MSS5SA101E17K 
(5” 2HD) 


NEC 


NW iD Cc uPD17106 


FRONT PANEL CONTROLLER (FPC) 


uPD17106 


SINGLE-CHIP MICROCONTROLLER 


The pPD17106 is a 4-bit single-chip CMOS microcomputer for front panel control. 

The CPU uses the pPD17000 architecture, allowing direct operation of data memory, arithmetic operation, and peripheral 
hardware control by the use of a single instruction. Every instrustion consists of a 16-bit word. 

The peripheral hardware includes an abundant series of input/output ports, serial interface, clock generator port,LCD 
driver for front panel control, key source decoder, and timer for remote control decoding. 

The pPD17106 can make up a sophisticated, high performance front panel system. 

The OTP (one-time PROM) version of the pPD17106 is also available as the »PD17P106 (*). The pPD17P106 is used for 
program evaluation or limited production of the pPD17106. 

NEC provides easy-to-use tools for 1PD17106 system development: in-circuit emulator (IE-17K) and assembler (AS17K). 


*:under development 


Features 
e 4-bit microcontroller for front panel control e¢ Built-in 16-bit counter providing four functions 
e Program memory (ROM): Timer modulo 
8K bytes (4096 steps x 16bits) Frequency counter 
e General-purpose data memory (RAM): Pulse width counter 
178 nibbles (178 nibbles x 4 bits) CGP (clock generator port) 
e Instruction executionn time: e Built-in 8-bit serial interface 
4.44us (using a 4.5MHz crystal oscillator) Two 1-system channels (2- or 3-wire type) 
e Stack level: 7 e Interrupt 
e Easy 46-instruction set * External interrupt : 1 channel (INT pin) 
e Decimal operation possible * Internal interrupt : 2 channels 
e Table reference possible (timer and serial interface) 
e Built-in LCD driver e General-purpose I/O ports 
Static : 46 x 1= 46 segments * Input/output ports : 5 lines (+4: segment pin) 
1/2 duty, 1/2 bias : 46 x 2= 92 segments * Input ports : 4 lines (built-in pull-up resistor) 
1/3 duty, 132 bias: 45 x 3= 135 segments * Output ports : 0 line (+12: segment pins.8 out 
1/4 duty, 1/4 bias : 44 x 4= 176 segments of 12 allows LED direct drive.) 
e¢ Built-in key source decoder e Built-in power-on reset, CE reset, and power failure 
16 lines (Output by time division with LCD segment signal) detection circuit 


e Low-power consumption CMOS 
e Power-supply voltage: 5 V +10% 
e 64-pin plastic QFP 
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PIN CONFIGURATION (Top View) 


OoOn- NM 
O0OaQaqa 
Oaaa 
7s, ie, - 
on D~AnDnR OK NAN Ow tnNnonrevdn o-=- 
- = - N NN NNN N NNN OO OM 
a oO 2 a- a: o.0 0 24 0:0 Oo O 2: 6 O 
Oo Oo Oo 0 0 0 0 0 0 0 0 902 0 0 OO O 
So) 2 ot Jogo ao od oo oS I oS oS oS 
O O O O O O O O Oo VO © O O QO DO QO 


Ht Fl f° 


8 
8 


LCD15/KS15 O a En O LCD32/P1Co 
LCD14/KS14 O O LCD33/P1C4 
LCD13/KS13 O za O LCD34/P1C2 
LCD12/KS12 O =n 4s | O LCD35/P1C3 
LCD411/KS11 O } 44 | O LCD36/P1Bo 
LCD109/KS109 O <7 CMOS O LCD37/P1B1 
LDCg/KSg O Group 1/O O LCD3g/P1B2 
LCDg/KSg O = at O LCD39/P1B3 
LCD7/KS7 O [a] 0 | O LCD40/P1A9 
LCD6/KS6 O | 39 | O LCD41/P1A4 
LCDs/KS5 Oo 3 | O LCD42/P1A2 
LCD4/KS4 O O LCD43/P1A3 
LCD3/KS3 O | 36 | O LCD44/COM3 
LCD2/KS2 O | 14 | | 36 | O LCD45/COM2 
LCD1/KS1 0 CMOS N-ch open drain Media 
LCDo/KSg © Bit 1/0 Bit 1/0 CMOS O COMo 


Bit |/O 


Ay Ey ey Py by 


CS) 
a 
Nn 
on 
nN 
a 


rt del el ey Ry 


OOo Oo. © Oo CO CO OO CO CO CO CO OO O 
On - OW F AOAODO4a4 Q 2eFEIM GF OO A 
CLEC SzaosgFZ5H4Sh S 
ooc oO =~s>uOHU*X OW LS A 
aodaqaeaqaa ~ > ~ 2 > 
oO oOo Xx j3 GY 
u @ oO = 2 
= © Py, 
=— ©-. ~ O 
5 S 2 
raid ao & 
a 
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BLOCK DIAGRAM 


POC)/SO O 
POC1/SDA/SI O 
POC2/SCL/SCK Y 


POBg/CGP O 
POB;/FC/FCG O 


cE 
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LCD0/KSO 
to 
LCD15/KS15 


O LCD16 
to 


LCD27 


O LCD28/P1D0 
to 


LCD31/P1D3 


O LCD32/P1Co 
to 
LCD35/P1C3 


LCD36/P1B0 
to 
O LCD39/P1B3 


LCD40/P1A0 
to 
LCD43/P1A3 


O LCD44/COM3 
oO LCD45/COM2 
O COM] 
O COMO 


O INT 


uPD17106 


SUPPORT TOOLS FOR PROGRAM DEVELOPMENT 
The following support tools are available to develop the program for the uPD17106: 


Hardware 


a 


The IE-17K is the in-circuit emulator for evaluation, to be used commonly 
1E-17K 


for the uPD17000 series. 
The |E-17K serves for program development for the uPD17106 together 
with the system evaluation board SE-17106. 
The |E-17K operates based on RAM. A program can be added or modified 
SE-17106 
EP-17106GC 
Receptacle (*) The EV-9200GC-64 is a socket to connect the EP-17106 to a target 
EV-9200GC-64 
(EV-9200GC-64) system. 
OTP (*) The uPD17P106 is an OTP (One-time PROM) for program evaluation or 
; uPD17P106GC-3BE 
(uPD17P106) limited production of the uPD17106. 


a console by simply connecting the console to the |E-17K. 
Software 


The AS17K is the assembler 
main routine to be used MS-DOS version 
commonly for the uPD17000 uS5A1AS17K (8-inch 2D) 


(AS17K) series. - uS5A10AS17K (5-inch 2HD) 
The AS17K is used in MS-DOS PC-DOS version 
combination with the device Ver. 2.11 uS7B11AS17K (5-inch 2D) 


Assembler 
file (AS17106). Ver. 3.1 


In-circuit emulator 
(1E-17K) 


Running the support software SIMPLEHOST on the personal computer 


PC-9801 instead of using the console will bring sophistication to the 


Program development environment. 


SE board (*) 
(SE-17106) 


The SE-17106 is a system evaluation board for the uPD17106. It is used 
independently or in combination with the IE-17K. 


Probe (*) 
(EP-17106GC) 


The EP-17106GC is a probe to connect the SE-17106 to a target system. 


Assembler 


MS-DOS version 
uS5AIAS17106 (8-inch 2D) 


PC-9801 series 


The AS17106 is used to Pc DOsTM 
Device IBM PC-ATTM 
. assemble the program for the Ver. 3.1 
file (*) saisidel; ane uS5A10AS17106 (5-inch 2HD) 
in combination 
(as17106) |” PC-DOS version 


with the AS17K. 
uS7B11AS17106 (5-inch 2D) 


SIMPLEHOST is software to 

provide a man-machine 
Support software (*) interface during program 
(SIMPLEHOST) development using the 

1E-17K and a personal 


MS-WINDOWSTM 


computer. 


* Under development 
MS-DOSTM and MS-WINDOWS™M are the trademarks of MicroSoft Corp. 
IBM PC-ATTM and PC DOST are the trademarks of IBM Corp. 
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FRONT PANEL CONTROLLER (FPC) WITH ON-CHIP ONE TIME PROM 


uPD17P106 


4-BIT SINGLE-CHIP MICROCONTROLLER 


uPD17P106 


The pPD17P106 is a 4-bit single-chip CMOS microcontroller with on-chip ONE TIME PROM, for use in front panel control. 

The CPU uses the pPD17000 architecture, which allows direct data memory manipulation and various operations with a 
single instructionand peripheral hardware control. Moreover, all instrustions are one 16-bit word in lenght. 

In addition to a wide range of input/output ports, serial interface, and clock generator port, on chip peripheral hardware 
includes, for front panel control, an LCD driver, key source decoder, and remote control decoding timer, enabling high- 
performance front panel systems of various kinds to be configured. 

As the pPD17P106 includes on-chip ONE TIME PROM,it is ideal for system evaluation in program development for the 
pPD17106* mask ROM version, or for small-volume production. 

An easy-to-use in-circuit emulator (IE-17K) and assembler (AS17K) are available as 1PD17P106 system development 
tools. 


*:under development 


Features 
e 4-bit microcontroller for front panel controller use ¢ On-chip 16-bit counter with 4 functions: 
e Program memory (ONE TIME PROM): Timer modulo 
8K bytes (4096 steps x 16bits) Frequency count 
e General-purpose data memory (RAM): Pulse width count 
178 nibbles (178 nibbles x 4 bits) CGP (clock generator port) 
e Instruction executionn time: e On-chip 8-bit serial interface 
4.44us (using a 4.5MHz crystal oscillator) 1 system 2 channels (2-wire and 3-wire) 
e Stack levels: 7 e Variety of interrupts 
e Easy-to-understand instructiion set (46 instructions) External interrupts  : 1 channel (INT pin) 
e Decimal operation capability Internal interrupts : 2 channels 
¢ Table reference capability (timer, serial interface) 
¢ On-chip LCD driver ¢ General input/output ports 
Static : 46 x 1= 46 segments *Input/output ports : 5 lines (+4: Segment pins) 
1/2 duty, 1/2 bias : 46 x 2= 92 segments * Input ports : 4 lines (with internal pull-up 
1/3 duty, 132 bias: 45 x 3= 135 segments resistor) 
1/4 duty, 1/4 bias : 44 x 4= 176 segments * Output ports : 0 (+12: segment pins, 8 with 
e On-chip key source decoder LED direct drive capability.) 


e 16 lines (Output by time-division multiplexing with LCD Power-on reset, CE reset, and power failure 
segment signal) detection circuit on chip 

e Low-power consumption CMOS 

e Supply voltage :5V+10% 

e 64-pin plastic QFP 

e Mask ROM version :yPD17106 
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PIN CONFIGURATION (Top View) 


or Nn mM 
a a a Aa 
a @ @ @ 
©OnR OMOK NmMenH oORABGOO SE 
-_ - = KF NNNNNNNNAN NY OM 
Oa avn Oo aa AAA A a aA A la lA 
OO O OU OO OO OO OO UO OU OU OO YO 
Ss shot Sa ee Ss Se Sy eS SS Sy 
0000000 O00 0 00 OO CO 


oO 


N 
_a 


LCD15/KS15 O eS | 48 | O LCD32/P1Co 
LCD14/KS14 O [2 | QO LCD33/P1C4 
LCD13/KS13 O <a 26 | O LCD34/P1C2 
LCD12/KS12 O ey | 45 | O LCD35/P1C3 
LCD 44/KS}1 O aa] O LCD3¢/P1Bg 
LCD10/KS19 O < CMos | 43 | O LCD37/P1B4 
LCDg/KSg O Group 1/0 | E42] O LCD3g/P1B2 
LCDg/KSg O a | at | O LCD39/P1B3 
LCD7/KS7 O- = 40 | O LCD40/P1A9 
LCD6/KSg O | 10 | | 39 | O LCDg41/P1A4 
LCDs/KS5 O 11 | Ez O LCD42/P1A2 
LCD4/KSq4 O | 12 | O LCD43/P1A3 
LCD3/KS3 O | 36 | O LCD44/COM3 
LCD2/KS2 O Pia | oe | O LCD45/COM2 
LCD4/KS1 © 1s | his N-ch Open drain | 34 | O COM}, 
LCD9/KSo O | 16 | Bit 1/0 Bit 1/9 CMOS O COMg 


Bit 1/O 


Oo © © © 2 © © C CO oO CO SO Oo oO O66 
mom N - O rF AOonasQa azkrkM FO Q 
g¢gggoz2aggz 75628 8 
a a aa o x 319 9 > 
= © o = & 
a * x9 
oO 
e 5 a 
a 
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BLOCK DIAGRAM 


POCQ/SO 
POC1/SDA/SI 
POC2/SCL/SCK 


POBg/CGP 
POB1/FC/FCG 


POAg 
POA 
POA2 
POA3 


VDD 
CE 


GND 


O 4 O LCDoQ/KSo 
O 
POC to 
0 al (cm) O LCD 15/KS15 
O LCD16 
to 
O LCD927 
Serial 
1/0 O LCD28/P1D9 
to 
O LCD31/P1D3 
O LCD32/P1Co 
O 4 to 
O — = O LCD35/P1C3 
O LCD36/P1B9 
to 
O LCD390/P1B 
CGP = 9 2 
mid O LCD40/P1A9 
FC/ to 
FCG O LCD43/P1A3 
é 
O LCD44/COM3 
k 
ee = O LCD45/COM? 
O COM 
Fl O COMg 
16 bits 
Counter 
O JL 
Y POA 
O Stack Interrupt O INT 
O 7x 12 bits Control 
O 
Reset 
O 


2-259 


uPD17P106 


DEVELOPMENT SUPPORT TOOLS 


The following support tools are available for system development using the uPD17P106. 


a 


In-circuit emulator (1E-17K) The 1E-17K is an in-circuit emulator which can be used with all models in the uPD17000 
series. For uPD17P106 program development, the IE-17K is used in conjunction with 
the SE-17106 system evaluation board. As the 1E-17K features RAM-based operation, 
immediate program additions and amendments can be made by connecting a console to 
the IE-17K. Moreover, use of the ‘““SIMPLEHOST” support software provides a higher- 
level development environment. 


SE board* (SE-17106) The SE-17106 is a uPD17P106 system evaluation board used either alone or together 
with the |E-17K. 


Probe* (EP-17106GC) The EP-17106GC is a probe for connection of the target system to the SE-17106. 
Receptacle* (EV-9200GC-64) The EV-9200GC-64 is a socket for connection of the target system to the EP-17106. 


EPROM AF-9703 EPROM programmer. For the uPD17P106, the programmer is used in conjunction with 
programmer the special uPD17P106 adapter (Ver. 5 or later should be used). 


(Manuf. by Ando Special adapter Adapter used in conjunction with the AF-9703. 
Electric Co., Ltd.) for uPD1 7P106* 


Software 


Assembler | Assembler AS17K is the assembler for use with the PC-9801 Ms-DOSTM MS-DOS version 
(AS17K) entire uPD17000 series. series Ver. 2.11 uS5A1AS17K 

AS17K is used in conjunction with the IBM PC-ATTM Ver. 3.1 (8-inch 2D) 

device file (AS17106). PC DOSTM uS5A10AS17K 
Ver. 3.1 (5-inch 2HD) 

PC DOS version 
uS7B11AS17K 

(5-inch 2D) 


Device AS17106 is used together with AS17K MS-DOS version 
file* to assemble uPD17P106 programs. uS5A1AS17106 
(AS17106) (8-inch 2D) 
uS5A10AS17106 
(5-inch 2HD) 
PC DOS version 
uS7B11AS17106 
(5-inch 2D) 


Support software* SIMPLEHOST is software which imple- MS- 
(SIMPLEHOST) ments the man-machine interface under WwINDOWSTM 
MS-WINDOWS!™ during program de- 
velopment using the IE-17K anda 
personal computer. 


Remarks: For details of the EPROM programmer, please consult Ando Electric Co., Ltd. 
*: Under development 


MS-DOS™™ and MS-wINDOWS™ are trademarks of MicroSoft Corporation, 
IBM PC-AT™M and PC DOS™ are trademarks of IBM Corporation. 
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FOUR-BIT SINGLE-CHIP MICROCOMPUTERS 


4PD17103 and uPD17104 are tiny microcontrollers each consisting of a 1K-byte ROM, 16-word RAM, and 11 
pins (for 4PD17103) or 16 pins (for wPD17104) for I/O ports. 

The CPU can be programmed using the uPD17000 architecture based on a general register system that allows 
direct access to data memory. Every instruction for these microcontrollers consists of a 16-bit single word. 


FEATURES 

@ Program memory (ROM): 1 K bytes (512 words x 16 bits) 

@ Data memory (RAM): 16 words x 4 bits 

@ |/O ports: 

&PD17103: 11 pins (including three ports for N-ch open-drain output) 
uPD17104: 16 pins (including four ports for N-ch open-drain output) 

Instruction execution time: 2 us (in connection with an 8 MHz crystal or ceramic oscillator) 
Instruction types: 31 types (single-word instructions) 

Stack level: 1 level 

Standby functions (using STOP and HALT instructions) 

Retains data in data memory at low voltage (Min. 2.0 V). 

Incorporates an oscillating circuit for a system clock (crystal or ceramic oscillator). 


Operating supply voltage range: 
2.7 to 6.0 V (in 2 MHz operation) 
4.5 to 6.0 V (in 8 MHz operation) 


APPLICATIONS 
@ Electronic control of electric home appliances and toys 
@ Circuit integration of general-purpose logic ICs on one chip 


ORDERING INFORMATION 
Order Code Package 
uPD17103CX-X XX 16 pin plastic DIP (300 mil) 
uPD17103GS-X XX 16 pin plastic SOP (300 mil) 
uPD17104CS-X XX 22 pin plastic shrink DIP (300 mil) 
uPD17104GS-X XX 24 pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 


&PD17103CX/uPD17103GS uPD17104CS 


XIN GND POA3 VDD 
XOUT POB2 NC POA2 
RESET POB1/RLSstop POCg POA) 
PODg POBg/RLSHALT POC POAg 
POD, POC3 POC2 POD3 
POD2 POCg POC3 POD2 
POD3 POC, POBo/RLSHALT POD, 
VoD POCg POB1/RLSstop PODo 
POB2 RESET 
POB3 XOUT 
uPD17104GS sii tn 
POA3 VDD 
NC POA? 
POCg POA 
POC] POAQ 
POC2 POD3 
POC3 POD2 
NC NC 
POBo/RLSHALT - POD] 
POB1/RLSsTop PODo 
POB2 RESET. 
POB3 XOUT 
GND XIN 
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BLOCK DIAGRAM 


Sree CLK STOP 


CMOS 
fo ag tne oat tate 
| POAQ o 
POA O 
| 1 
| POA2 5 ia = 
| POA3 
Gs RAM 
POBO/RLSHaLT N-ch open drain 16 x 4 bits 
POB,/RLSstop 2 
~ POB2 cas} POB - 
| POBg° 


CMOS = 
POCg 


70 
2) 
O 

0000 


U 
Oo 
O 
NO 
O9000 


Stack 1 x 9 bits 


Note: The section enclosed in a dotted line is not supported by the uwPD17103. 
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1. PIN FUNCTIONS 
1.1 LISTS 
@ Port pins 


INPUT/ 
POAg to POA3 (*) e CMOS (push-pull) 4-bit input/output port (Port 0A) High impedance (input mode) 


POBo/RLSHALT Input/output | For resetting HALT mode @ High impedance at open-drain 


(input mode) 


POB;/RLSstop For resetting STOP mode 


@ High level with built-in pull-up 


e@ N-ch open-drain 4-bit |/O port; (Port OB) 
@ Can corporate a pull-up resistor for each bit (by 


POB2 resistor (input mode) 


POB3 (*) 
mask option) 


@ Dielectric strength of 9 V at open-drain 


POCg to POC3 @ CMOS (push-pull) 4-bit input/output port (Port OC) 
PODg to POD3 e CMOS (push-pull) 4-bit input/output port (Port OD) 


* The pins marked by an asterisk * are not built into uwPD17103. 


High impedance (input mode) 


High impedance (input mode) 


@ Pins other than port pins 


INPUT/ 


® System reset input pin 
@ Can incorporate a pull-up resistor (by mask option) 


OR 
Le! e@ System clock oscillator connecting pin 
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1.2 DESCRIPTION 
1.2.1 POAg to POA3 (Port OA), POCp to POC3 (Port OC), and PODg to POD3 (Port OD): Input/output pins 

POAg to POA3, POCg to POC3, and PODo to POD3 are four-bit input/output pins with output latches for ports 
OA, OC, and OD, respectively. 

The contents of ports OA, OC, and OD are respectively mapped to addresses 70H, 72H, and 73H in data memory 
space as port registers. Data can be read from and written to the port registers using the normal data memory access 


instructions. 

On being reset, each pin goes into the input mode. When data is written into each port register, each pin for the 
corresponding port enters into the output mode to output the written data. Once the pin enters into the output 
mode, the written data and the mode are held until another datum is written into the port register or the mode is 
reset. 

Whenever datum ina port register is read out, the corresponding pin outputs its status whether in input or output 
mode. The contents of the port register do not change at this time. 

Ports OA, OC, and OD use the CMOS (push-pull) output form. Note that uPD17103 does not have POAg to POA3. 


1.2.2 POBo/RLSyact, POB;/RLSstop, POB2, and POB3 (Port OB): Input/Output Pins 

POBg to POB3 are four-bit input/output pins each with an output latch for the port OB. 

The port OB is mapped to 71H in data memory space and can be accessed by the normal data memory access 
instructions. On being reset, each pin enters into the input mode. 

When data is written into the port register, each pin for the port enters into the output mode to output the 
written data. Once the pin enters into the output mode, the written data and the mode are held until another 
datum is written into the port register or the mode is reset. 

Whenever data in the port register is read out, the pin outputs its status whether in input or output mode. The 
contents of the port register do not change at this time. 

For the output format of the port OB, N-ch open-drain output or N-ch open-drain plus pull-up built-in resistance 
output can be selected using the mask option. (See Section 1.3.) 

The N-ch open-drain output has a dielectric strength of 9 V, providing efficient interface to a circuit operating at 
a different supply voltage. 

POBg and POB, are pins for pseudo-interruption to reset the HALT or STOP mode on the leading edge of the 
input signal. The pin incorporates a hazard preventive circuit to prevent malfunction resulting from noise of 1 us or 
less. 

Note that uPD17103 has no POB3. Therefore, whenever an attempt is made to read data from POB3, only “0” 
(fixed) is read from uPD17103. Data attempted to be written into POB3 become invalid. 


1.2.3. Xin and Xout 
These pins are connected to the oscillator of a system clock oscillating circuit. 


1.2.4 RESET 
This pin is a low-level-active system reset input pin. It is used for resetting the standby mode as well as normal 


system resetting. 


1.2.5 Vpp 
Positive power supply pin 


1.2.6 GND 
GND pin 


2-265 


uPD17103, .PD17104 


1.3 INPUT/OUTPUT CIRCUITS OF PINS 


This section illustrates the input/output circuit of each pin of uPD17103 and uPD17104 in a partly simplified 


form. 
(1) POA, POC and POD 


VDD 
data P-ch 
IN/OUT 
output N-ch 
disable 
VDD 
P-ch 
N-ch 
(2) POBg and POB, 
VDD 
1 
| 
| 
pull-up resistor 
(Mask option) 
| 
IN/OUT 
data N-ch 
output 
disable 
VpbD 
P-ch 
N-ch 
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(3) POBz and POB3 
VOD 
= [Mask option 
| IN/OUT 
= aa Neh 
output 


disable 


(4) RESET 
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1.4 PIN MASK OPTIONS 


In programming u#PD17103 or uPD17104, the mask options for pins must be set using mask option pseudo- 
instructions in the assembler source program. Before setting the mask options, the file D17103.OPT or D17104.OPT 
must be stored in the current directory. 

The following pins require mask option setting: 
POBo 

POB, 

POB2 

POB3(*) 

@ “RESET 

* The pin marked by the asterisk * is not built into uwPD17103. 


1.4.1. Mask option pseudo-instructions 

(1) OPTION and ENDOP pseudo-instructions 
Assume the mask option definition block ranging from the OPTION pseudo-instruction to the ENDOP pseudo- 
instruction. Within this block, execute the following mask option pseudo-instruction shown in (2). 
Description format: 


Label _ Instruction Operand Comment 
[ Label :] OPTION [ ;Comment] 


ENDOP 


(2) Mask option defining pseudo-instruction 
This pseudo-instruction defines the mask option for each pin. 


{(uPD17103 ) 
@) Pins POBg to POB2 


Description format: 


Label Instruction Operand 


OPTPOB (POB2), (POB1), (POBO) 


A series of ‘‘POBX” (X: 0 to 2) indicates the option parameters that can be described as the operand each. 
Beginning with the first operand, they define mask options for pins POB2, POB, and POBo, respectively. 
POBPLUP (Pull-up) and OPEN (open) are available as option parameters. 
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(uPD17104 ) 
(1) POBg to POB3 
Description format: 


Label Instruction Operand 


OPTPOB (POB3), (POB2), (POB1), (POBO) 


A series of ‘‘POBX” (X: 0 to 3) indicates the option parameters that can be described as the operand each. 
Beginning with the first operand, they define mask options for pins POB3, POBz, POB;, and POBo, 
respectively. 
POBPLUP (pull-up) and OPEN (open) are available as option parameters. 
(2) RESET pin 
Description format: 


Label Instruction Operand 


OPTRES (RESET) 


“RESET” indicates the option parameter which can be described as the operand. RESPLUP (pull-up) 
and OPEN (open) are available as option parameters. 


Example 1 Set the following mask option using the source file for assembling of uPD17103: 
POB2: =~ Pull-up POB,: Open 
POBg: Open RESET: Pull-up 


> 17103 : 
Mask option setting: OPTION 
OPTPOB POBPLUP, OPEN, OPEN 
OPTRES RESPLUP 
ENDOP 


Example 2 Set the following mask option using the source file for assembling uPD17104: 
POB3: Pull-up POB2: Open 
POB,: Open POBg: Open 
RESET: Pull-up 


> 17104 
Mask option setting: OPTION 
OPTPOB POBPLUP, POBPLUP, OPEN, OPEN 


OPTRES RESPLUP 
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2. INTERNAL BLOCK FUNCTIONS 
2.1 PROGRAM COUNTER (PC) .......... 9 BITS 
The program counter is a nine-bit binary counter to retain program memory address information. 


Fig. 2-1 Program counter configuration 


rc 


Usually the program counter is incremented by one whenever one instruction is executed. 

When the call instruction (CALL) is executed, the call address is loaded onto the PC after the current contents 
(return address) of the PC are saved on the stack. When the return instruction (RET or RETSK) is executed, the 
current contents (return address) of the PC are loaded onto the PC. When the jump instruction (BR) is executed, 
the jump address indicating the destination of the jump is loaded onto the PC. 


The address stack has only one level. 


Fig. 2-2 Relationship among PC, stack, and instruction 


rc 177 


RET 
RETSK 
CALL 
BR, CALL 


In Fig. 2-2, AHn, AMn, and ALn (n: 0 to 3) indicate their respective bits in a 16-bit instruction as shown in Fig. 
2-3, 


Fig. 2-3 16-bit instruction configuration 


MSB LSB 
Instruction] FH EH DH CH |BH AH 9H 8H |7H 6H 5H 4H | 3H 2H 1H OH 
— tT t t f t ft t 7 t t t 


AH2 AH1 AHO AM3 AM2 AM1 AMO AL3 AL2- AL1 ALO 


> 


Operation code 


Operand 


When using a BR or CALL instruction, be sure to set AH2 and AH3 both to 0. 
Sn (n: 0 to 8) indicates the address stack. 
When RESET is input, program counter bits are all cleared to zero. 


2.2 ADDRESS STACK 
The address stack has a dedicated stack format of only one level. Note that the stack pointer can neither be 


written nor read by any instruction. 
The contents (return address) of the PC for the last-executed CALL instruction are saved on the address stack. 
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2.3 PROGRAM MEMORY (ROM).......... 512 WORDS x 16 BITS 
This memory is a mask programmable ROM having a capacity of 512 words x 16 bits. It is addressed by the 
program counter. The programmable memory stores programs. Address OOOH is a reset start address. 


Fig. 2-4 Program memory map 


1FFH t 


+———— 512 words 


000H | 


2.4 DATA MEMORY (RAM).......... 16 WORDS x 4 BITS 
The data memory occupies 16 nibbles as memory space. 


Fig. 2-5 Data memory map 


Oo 1-2 832 4 6 6 FY 6 FS A B C DPD € F 


x LITT ttt tit 
7X 
t ft 7 


i 
POA POB POC POD 


16 words between OOH and OFH are available for the data storage area. 
Since uPD17103 has neither the four bits of 70H nor the third bit of 71H, O is read from the data memory in 
uPD17103. 


2.4.1 Port data mapping 
Port data is mapped into addresses 70H to 73H (port register) on the data memory space. The data written in 
these addresses is output from each port. When port data is read, the read data is not stored in this area until the 


instruction to write the data into the data memory is executed. 


2.4.2 Addressing 

Addresses can be specified by three-bit row addresses and four-bit column addresses. 

uPD17000 series allows determining the area to be used for general registers by setting the value of the register 
pointer (RP). u~PD17103 or uPD17104 allows the 16 words of OH to OFH to be used as general registers because the 
register pointer is fixed at 0. Thus OH to OFH can be specified either as registers or certain addresses in the data 
memory. The operands of one instruction carry information specifying one (column) of 16 general registers and 
information on row and column addresses of the data memory. In data transfer between data memory and a general 
register, data is transferred between the data memory at the address specified by the corresponding operand of the 


instruction and the register with the number (column) specified by the corresponding operand of the instruction. 
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2.5 SYSTEM REGISTERS 

System registers are the ones directly concerning the control of the CPU, which are mapped into addresses 74H 
to 7FH on the data memory address space. uPD17103 and uPD17104 have only one system register, program status 
word (PSW). 


Fig. 2-6 System register map 


Bit O at address 7EH and the higher three bits at address 7FH are assigned for the program status word. Bit O at 
address 7EH is mapped for a BCD flag. Bits 3, 2, and 1 at address 7FH are mapped respectively for CMP, carry (CY), 
and zero (Z) flags. 

The higher three bits at address 7EH and bit 0 at address 7FH are fixed at 0. 
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Fig. 2-7 Structure of program status word 


7EH Address 7FH Address 
BITO BIT3 BITO 


Compare 
Flag 
(CMP) 


Flag 


Set (0) conditions 

@ Set when the result of an arithmetic 
operation is 0 when CMP is 0. 

e@ Set when the result of an arithmetic 
operation is 0 only when Z is 1 with 
CMP = 1. 

This flag is not set when Z is 1. 

Set (1) conditions 

@ Set when the result of an arithmetic 

operation is not 0. 


Set (0) conditions 

@ Set when addition generates a carry or 
subtraction generates a borrow. 

@ Set when the LSB of the operand for the 
execution of the RORC instruction is 1. 

Reset (1) conditions 

@ Reset when neither carry nor borrow 
occurs. 

e@ Reset when the LSB of the operand for 

executing the RORC instruction is 0. 


When this flag is set, the results of arithmetic 
operations are not stored in memory or 

registers. The flag is reset automatically when 
the SKT or SKF instruction is executed. 


When this flag is set, every arithmetic 
operation is performed in decimals. 

When it is reset, the operation is performed 
in binary. 


The CY flag does not change with the compare instruction (SKE, SKNE, SKGE, or SKLT). However, it changes 
according to the result of an arithmetic operation even though the CMP flag has been set. 

Note that each bit of the program status word is initialized to O when the reset signal is input. 

The Z flag in the program status word varies with the value of the CMP flag as shown in Table 2-1. 


Table 2-1 Variation of Z-flag value 


Conditions 


Z flag is set to 1 by memory operation. 


Result of arithmetic operation is 0. 


Zn-1: Value of Z flag just before execution. 


becomes OH. 
That is, if the Z flag remains 1 when being referenced after setting of CMP and Z flags both to 1 and several times 
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a 
Z flag is set to O by memory operation. 


Result of arithmetic operation is 1. Pdf eet 


Value of Z flag 


CMP = 0 CMP = 1 


When the CMP is 1, the value of the Z fiag is held to be 1 when the value of the Z flag is 1 and the result of an 
arithmetic operation is OH. If the result becomes any value other than OH at this time, the value of the Z flag is reset 
to 0. In this case, the value of the Z flag is not set to 1 even though the result of the retried arithmetic operation 


of comparison (though subtraction), it means that the result of each comparing operation is identically 0. If the Z 


flag becomes 0 then, it means that the comparing operations have given different values at least once. 
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2.6 LOGICAL ARITHMETIC UNIT (ALU).......... 4 BITS 
The logical arithmetic unit (ALU) executes arithmetic and logical operations on four-bit data, bit check, com- 


parison, and data rotation. 


2.6.1 Arithmetic operations 

The ALU performs two types of arithmetic operations: binary and decimal. It performs a decimal operation when 
the value of the BCD flag (in the program status word) is 1 and a binary operation when the value is 0. 

When addition generates a carry or subtraction generates a borrow, the carry (CY) flag is set to 1. If neither of 
them occurs, the flag is reset to 0. 

If the result of an arithmetic operation is 0, the zero (Z) flag is set to 1. The flag is reset to 0 when the result is 


not O. 


(1) Binary operation 
A carry occurs when the result of a binary arithmetic operation exceeds 15 (1111B). When the result is less than 
0, a borrow occurs and the CY flag is set to 1. 

(2) Decimal operation 
A carry occurs when the result of a decimal arithmetic operation exceeds 9 (1001B). When the result is less than 
0, a borrow occurs and the CY flag is set to 1. The decimal arithmetic operation can be executed only when the 
operation results as follows. If the result of the operation falls out of the following specified ranges, the CY flag 
is set to 1 and the value of the operation is 10 (1010B) or more: 
1. The result of addition must be within 0 to 19., 
2. The result of subtraction must be within 0 to 9 or —10 to —1. 


2.6.2 Logical operations 
The ALU performs three types of logical operations: conjunction (AND), disjunction (OR), exclusive OR (XOR). 


2.6.3 Other operations 
The ALU performs bit check, decision though comparison, and data rotation. 
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3. STANDBY FUNCTIONS 
This device provides two types of standby modes: HALT mode and STOP mode. 


3.1 HALT MODE 

The HALT mode sets the state where the program counter (PC) stops carrying out any further operations until 
restarted with the system clock left oscillating. This mode is set by the HALT instruction and reset by the reset 
signal RESET or input to the POBg pin. When the mode is reset by the input to the POBg pin, the device resets the 
mode without waiting for the system clock to stabilize its oscillation. In this case, the first instruction to be 
executed after the resetting of the mode is the one next to the HALT instruction. 

The normal system reset (restarting from address OH) occurs if the mode is forced to be reset by the reset signal 
RESET. 


3.2 STOP MODE 

The STOP mode stops the oscillation of the system clock and sets the state where data can be retained at a low 
supply voltage. This mode is set by the STOP instruction and reset by the reset signal RESET or input to the POB, 
pin. When the mode is reset by input to the POB, pin, the first instruction to be executed after the reset is the one 
that follows the STOP instruction. 

The normal system reset (restarting from address OH) occurs if the mode is forced to be reset by the reset signal 
RESET. 


3.3 SETTING AND RESETTING STANDBY MODES 

(1) Setting and resetting HALT mode 
The HALT instruction allows selection of the conditions to set and reset the HALT mode depending on the 
setting of the low-order bit of the operand as follows. Fix the higher three bits of the operand to 0. 


Fig. 3-1 Mode setting/resetting conditions of HALT instruction 


HALT 000XB=—Four-bit data of operand 


Setting and resetting conditions 


When executed, the HALT instruction sets the HALT mode unconditionally. The mode is reset 
only by the reset signal RESET. After the mode is reset, execution of instructions is started from 
address OH. 


When POBg is 0, the HALT instruction sets the HALT mode when executed. 
If POBo is 1, the instruction does not set the mode when executed. 
The mode set by this instruction is reset by the reset signal RESET. After the resetting, execution 


of instructions are started from address OH. 


The mode is also reset at rise of the input signal to the POBg pin. In this case, the first instruction 


to be executed after the reset is the one that follows the HALT instruction. 
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(2) Setting and resetting STOP mode 
The STOP instruction allows selection of the conditions to set and reset the STOP mode depending on the 
setting of the low-order bit of the operand as follows. Fix the higher three bits of the operand to 0. 


Fig. 3-2 Mode setting/resetting condition of the STOP instruction 


STOP 000XB=—Four-bit data of operand 


Setting and resetting conditions 


When executed, the STOP instruction sets the STOP mode unconditionally. 
All the peripheral circuits stop operations after returning to their initial status as if the system reset 


occurs. 
The mode is reset only by the reset signal RESET. After the mode is reset, execution of 


instructions are started from address OH. 


When POB;, is 0, the STOP instruction sets the STOP mode when executed. 
If POB, is 1, the instruction does not set the mode when executed., 
The mode set by this instruction is reset by reset signal RESET. After the resetting, execution of 


instructions are started from address OH. 
The mode is also reset at rise of the input signal to the POB, pin. In this case, the first instruction 


to be executed after the reset is the one that follows the HALT instruction. 


3.4 STANDBY MODE RESETTING TIMING 


Fig. 3-3 Resetting HALT mode by RESET signal input 


HALT Instruction 


RESET 
Operating mode HALT mode | * | Operating mode 
Oscillation 
Clock 


When the HALT mode is reset by inputting the RESET signal, the device enters the operating mode after return- 
ing the RESET input to a high level. 


*: This interval is the time for waiting for stable oscillation in the HALT mode. 


Fig. 3-4 Resetting the HALT mode by interruption 


HALT Instruction 
t 
Standby release 
signal (POBo) Operating mode HALT mode Operation mode 


Oscillation 


Clock 
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Fig. 3-5 Resetting STOP mode by RESET signal input 


STOP Instruction 


RESET 
Operating 
mode STOP mode HALT mode Operating mode 
Oscillation —— 
Oscillation stop Oscillation 
Clock —_ 


The clock starts oscillation the moment the RESET input goes from high to low level in the STOP mode. 
*: This interval is the time for waiting for stable oscillation in the HALT mode. 
Fig. 3-6 Resetting the STOP mode by interruption 
STOP Instruction 


ST 


Standby release 


; Operating 
signal (POB}) mode STOP mode Operating mode 
Oscillation 
Oscillation stop Oscillation 
Clock 


*: This interval is the time for waiting for stable oscillation in the HALT mode. 
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4. RESETTING 
4.1 HARDWARE STATUS ON RESETTING 

When the RESET pin inputs a low-level active reset signal, the hardware components are set as follows. They are 
released from their reset status when the RESET pin returns to the high level. 


Table 4-1 Hardware after reset 


Povmmenmen OO 
OH to OFH Data before reset is retained. 


Program status word (PSW) 7EH BITO All 0 
7FH BIT3-1 


Ports OA to OD 70H to 73H Data is retained. All the pins enter the input mode. 
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5. RESERVED WORDS 
Table 5-1 lists the reserved words defined in the device files of the uPD17103 and uPD17104. 


*POAO 
*POA1 


FLG 


uPD17103, uPD17104 


Table 5-1 Reserved words list 


Bit 0 of port OA 


Bit 1 of port OA 


Bit 2 of port OA 


Bit 3 of port OA 


Bit 0 of port OB 


Bit 1 of port OB 


Bit 2 of port OB 


Bit 3 of port OB 


Bit 0 of port OC 


Bit 1 of port OC 


Bit 2 of port OC 


Bit 3 of port OC 


Bit 0 of port OD 


Bit 1 of port OD 


Bit 2 of port OD 


Bit 3 of port OD 


BCD arithmetic flag 


Program. status word 


Zero flag 


Carry flag 


Compare flag 


*: POAg to POA3 are not defined in the device file of uPD17103. The POB3 is 
not provided for uPD17103 but registered as a read-only flag to be used as a 


dummy bit in using a built-in macro. 
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6. INSTRUCTION SET 
6.1 INSTRUCTION LIST 


R<(R)+(M) 


p00 [Ra 
ae R,M R<(R)+(M)+CY 
M, #1 M<(M) +I 


ZERO 
Base 


NOT ZERO 


| NOT BRW 


BRW 


10100 


SS = 


| 40110 
10101 


00100 


oe 


00101 


TEST (M)n, CMP<O ALL TRUE 


TEST (M)n, CMP<O 


ALL FALSE 
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OPERND OPERATION 


PC(8—0)<A 


uPD17103, 1.PD17104 


OPCODE 


7654 | 3210 


PC(8—0)<A 


SP<(SP)—1, STACK<((PC)+1), 


+—__ 


PC<(STACK), SP<(SP)+1 


PC<(STACK), SP<(SP)+1 
STOP CLOCK 


os 


UNCONDITION. 


HALT CPU 


: Carry flag 
: Compare flag 


: Numerical data 
: Bit number 


: Register 
: Data memory 
: Address 


NO OPERATION 


: Value of register 
: Value of data memory 


: Register number 


: Program counter 


MH, ML 
AH, AM, AL 
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7. ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS (T, = 25 °C) 


Supply Voltage 


Input Voltage 


Output Voltage 


High Output Current 


Low Level Output Current 


Operating Temperature 


Storage Temperature 


Power Consumption. 


VDD 
Vy 


POA, C, D 
POB (1) 
(2) 
POA, C, D 
POB (1) 
(2) 
One pin of POA, POB, POC and POD each 
Total of all pins 
One pin of POA, POB, POC and POD 
Total of all pins 
Ta = 85°C 16 pin DIP 
16 pin SOP 
22 pin DIP 
24 pin SOP 


Remarks: (1) N-ch open-drain input/output + pull-up resistor built-in input/output 


(2) N-ch open-drain input/output 
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—0.3 to +7.0 
—0.3 to Vpp +0.3 
—0.3 to Vpp +0.3 
—0.3 to +11 
—0.3 to Vpp +0.3 
—0.3 to Vpp +0.3 
—0.3 to +11 

—5 


30 

100 
—40 to —85 
—65 to +150 

400 

190 

400 

250 


mW 


mw 


im uPD17103, .PD17104 


CAPACITY (Ta = 25 °C, Vpp = 0 V) 


CHARACTERISTICS SYMBOL | MIN. | TYP. | MAX. | UNIT CONDITIONS 
Input Capacity Pf] 8] = 1 MHz, Pins except the one under 


DC CHARACTERISTICS (T, = 40 to +85 °C, Vpp = 2.7 to 6.0 V) 


CHARACTERISTICS UNIT CONDITIONS 
High Level Input Voltage Other than below 
Vpp POB, RESET 


POB (3) 
Other than below 


POB, RESET 
XIN 


Vpop = 4.5 to 6.0 V 
1IOH = —2 mA 


= 
2 


C10 


SYMBOL | MIN, 


VIH1 0.7Vpp 


0.8Vpp 


VIH2 


VIH3 0.8Vpp 


VIH4 Vpp-—0.5 DD 


0.3Vpp 


Low Level Input Voltage Vint 


ViL2 0.2Vpp 


VIL3 


POA, C, D 
High Level Output Voltage 


VOH Vpp-2.0 


Vpp-—1.0 1OH = —200 A 


POA, B,C, D 
Low Level Output Voltage 


Vpp = 4.5 to 6.0 V 
loL =15mMA 


VOL 


Vv 


LA VIN = Vob 


POA, B,C, D 1LIH1 
High Level Input Leak Current 


ILIH2 VIN=9V (3) 
POA, B, C, D uA 
Low Level Input Leak Current 
POA, B,C, D 1LOH1 uA 


High Level Output Leak Current 


> 


1LOH2 
POA, B, C, D ILOL 
Low Level Output Leak Current 


Input Pin Built in Resistor 
1/O Pin Built-in Resistor 


Power Supply Current (4) 'DD1 


IDD3 


A 


.< 


x ‘~ 
> +e) 


p~) 
~ 


RESET (Pull-up) 


kQ POBo, POB;, POB2, POB3 = (Pull-up) 

m Operating Vpp=5V+t10% 
mode fee = 8.0 MHz 

Vpp =3V+10% 
foe = 2.0 MHz 

mA HALT mode Vpp =5V+10% 
foc = 8.0 MHz 

uA Vpp =3V+t10% 
fee = 2.0 MHz 

LA STOP mode Vpp =5V+10% 


Remark (3): For N-ch open-drain input/output selection. 
Remark (4): The current flowing to the built-in pull-up resistor is excluded. 


0 


0 


~ 

3 

r 
EE 


3 i 
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NEC 


CHARACTERISTICS OF DATA RETENTION IN DATA MEMORY AT LOW SUPPLY 
VOLTAGE (Tz = —40 to +85 °C) 


[—evanacreniencs—_[evneot[ win [ [wax [uw] conomions 
[ose Reentonsiopy oro | Yoon | 20 80 f V | 
[a Renton ip wran | open | | OF | 80 | wA | Vooon=20V 
Fame sinsvieTine seek | 8 | mT 
ens reror inert 069) | 


Remark (5): fx indicates an oscillator frequency. 


AC CHARACTERISTICS (T, = —40 to +85 °C, Vpp = 2.7 to 6.0 V) 


CHARACTERISTICS SYMBOL | MIN. | TYP. | | TYP. | UNIT CONDITIONS 
internal Clock Cycle Time a Vpp = 4.5 to 6.0 V 


POBo, High/Low Level Width | Tpgy 
ail | all Ed 
RESET High/Low Level Width | TRsy 

penn mee 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The uPD17P103 is a tiny microcontrollers consisting of a 1K-byte ROM, 16-word RAM, and 11 input/output 
ports. It is a one-time PROM version of the uPD17103, whose internal mask ROM is replaced with a one-time 
PROM. 

Two #PD17P103 models are available: uPD17P103CX, which allows a program to be written only once, and 
uPD17P103GS. They are suitable for evaluation of uPD17103 and for small-scale production. 


The uPD17000 architecture of the CPU uses general registers so that data memory can be manipulated directly 
for effective programming. Every instruction is 1 word long, consisting of 16 bits. 


FEATURES 

®@ Compatible with the uwPD17103 

@ Program memory (one-time PROM): 1K bytes (512 words x 16 bits) 

@ Data memory (RAM): 16 words x 4 bits 

@ |nput/output ports: 11 ports (including three N-ch open-drain outputs) 
@ Instruction execution time: 2 us (with 8-MHz crystal or ceramic resonator connected) 
@ Number of instructions: 24 (Each instruction is 1 word long.) 

@ Stack level: 1 

® A standby function is supported (with the STOP and HALT instructions). 

®@ Data memory can retain data on low voltage (2.0 V at minimum). 

@ An oscillator is included for the system clock (for crystal or ceramic resonator). 
® Operating supply voltage: 2.7 to 6.0 V (at 2 MHz) 


4.5 to 6.0 V (at 8 MHz) 


APPLICATIONS 
® Controlling electric appliances or toys 
@ Providing general-purpose logic ICs in one chip 


ORDERING INFORMATION 


Order Code Package 
uPD17P103CX 16-pin plastic DIP (300 mil) 
uPD17P103GS 16-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 


uPD17P103CX/uPD17P103GS 


XIN GND 

Xout/MD3 POB2/MD2 
RESET/Vpp POB1/RLSstTop/MD4 

PODg/Dg POBg/RLSHALT/MDg 

POD1/D4 POC3/D7 

POD2/D2 POC2/Dg 

POD3/D3 POC 1/Ds5 

VDD POCo/D4 


16-pin plastic DIP 
16-pin plastic SOP 


BLOCK DIAGRAM 


Oo XIN 
© XQuT/MD3 


CPU CLK CLK STOP 
; RAM 
N-ch open drain ; 
16 x 4 bits 
POBg/RLS M09 O<—s 
PORTALS CA Same O——~/] POB = 
POB2/MD2 O=——> 
SE 
POCp/D4qg O 
POC}/Ds O 
cee poc K _} 
POC3/07 O 
CMOS 
PODQ/D9 O Cecordar 
eels roo K) 512 x 16 bits 
P003/D3 O 


a Program Counter 


RESET/Vpp 0——> Ss 


VoD o— 
ean eee (“stack 1 x 9 bits 
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PIN FUNCTIONS 
PIN FUNCTIONS 


@ Port pins 


PIN INPUT/ 
NAME | OUTPUT 
POBg RLSHALT 

output 


POB, 
POB2 
Input/ 
Output 
0 


—. 
output 
Poo, | 


When writing to 


DUAL 
FUNCTION 
PIN 


KUNCTION program memory 


For the HALT 
mode releasing 


or verifying its 


contents 


¢ N-ch open-drain 


4-bit input/ ican veeeine High impedance 
i} in 

Sutput port For the STOP Pi" | (input mode) 

(port OB) 


mode releasing 


@ CMOS (push-pull) 4-bit input/output 
port (port OC) 


8-bit data input/ 
output pin (high- 
order 4 bits) 


High impedance 
(input mode) 


¢ CMOS (push-pull) 4-bit input/output 
port (port OD) 


8-bit data input/ 
Output pin (low- 
order 4-bits) 


High impedance 
(input mode) 


@ Non-port pins 


DUAL 
INPUT/ FUNCTION Whe itina t if 
n writing to program memory or ve sd 
NAME | OUTPUT sant — _ 
PIN ing its contents 


PIN 
ae Positive power supply pin Positive power supply pin (+6.0 V) 
XIN a Pins to be connected to the system clock Program memory address update 


resonator 


Pins to be connected to the system clock . ; 
Mode selection pin 
resonator 
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PIN INPUT/OUTPUT CIRCUITS 
Following are schematics of the input/output circuits of the pins of the uPD17P103. 


VoD 
data 
P-ch 
IN/OUT 
output N-ch 
disable 
VDD 
P-ch 
N-ch 


IN/OUT 
data 
N-ch 
VDD 
P-ch 
N-ch 
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(1) POC and POD 


| 


(2) POBo and POB, 


output 
disable 


N. E C uPD17P103 


(3) POB> 
IN/OUT 
data 
N-ch 
output 
disable 
VDD 
P-ch 
N-ch 
(4) RESET 
IN 
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9. DIFFERENCES BETWEEN THE pPD17P103 AND »pPD17103 
The uPD17P103 is a one-time PROM version of the uPD17103, in which the internal mask ROM is replaced with 
a one-time PROM. The uPD17P103 has the same CPU functions and internal hardwares as those of uPD17103 


except for its program memory and mask option. Table 9-1 lists the differences between them. 


Table 9-1 Differences between uPD17P103 and uPD17103 


a One-time PROM Mask ROM 
512 x 16 bits 512 x 16 bits 


; ; Vpp pin and operation mode Vpp pin and operation mode 
Connection pin ; ; ; ; ; 
selection pins are provided. selection pins are not provided. 
2.7 to 6.0 V (at 2 MHz) 
Power supply 
4.5 to 6.0 V (at 8 MHz) 
16-pin DIP 
Package if 
16-pin SOP 


2-290 


NV. E & uPD17P103 


10. WRITING TO AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 


The uPD17P103’s internal program memory consists of a 512 x 16 bit one-time PROM. 

Writing to the one-time PROM or verifying the contents of the PROM is accomplished using the pins shown in 
the table below. Note that address inputs are not used; instead, the address is updated using the clock input from 
the Xiq pin. 


PIN NAME FUNCTION 
Vpp Voltage is applied to this pin when writing to program memory or verifying its contents. 
XIN Input pin for address update clock used when writing to program memory or verifying 
its contents. 
Pins that turn to input pins and are used as operation mode selection pins when writing 
MDg to MD3 oo 
to program memory or verifying its contents 
Dp to D7 Input/output pins for 8-bit data used when writing to program memory or verifying its 
contents 


10.1 Program Memory Write/Verify Modes 

If +6 V is applied to the Vpp pin and +12.5 V is applied to the Vpp pin after a certain duration of reset status 
(Vpp = 5 V, RESET =0 V), the uPD17P103 enters program memory write/verify mode. A specific operating mode 
is then selected by setting the MDo through MD3 pins as follows. Set the other unused pins to GND level by means 


of pull-down resistors. 


Operating mode specification 


Operating mode 
vee [Yoo | MOo | wD: | wa [ wos 


awe | weg 
wasv | wy LEn = 
eee veto 
aD Pera in 


X: L (low) or H (high) 


10.2 Writing to Program Memory 
The procedure for writing to program memory is described below: high-speed write is possible. 
(1) Pull low the levels on all unused pins to GND by means of resistors. Bring Xjy to low level. 
(2) Apply 5 V to Vpp and bring Vpp to low level. 
(3) Wait 10 us. Then apply 5 V to Vpp. 
(4) Set the mode selection pins to program memory address clear mode. 
(5) Apply 6 V to Vpp and 12.5 V to Vpp. 
(6) Select program inhibit mode. 
(7) Write data in 1 ms write mode. 
(8) Select program inhibit mode. 
(9) Select verify mode. If the write operation is found successful, proceed to step (10). If the operation is found 
unsuccessful, repeat steps (7) to (9). 
(10) Perform additional write for (number of repetitions of steps (7) to (9)) x 1 ms. 
(11) Select program inhibit mode. 
(12) Increment the program memory address by one on reception of four pulses on the Xj pin. 
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(13) Repeat steps (7) to (12) until the last address is reached. 
(14) Select program memory address clear mode. 

(15) Apply 5 V to the Vpp and Vpp pins. 

(16) Turn power off. 


The timing for steps (2) to (12) is shown below. 


Repeat X times 


Reset Add 
: Add 7ional ress 
rl Write Verify write increment 
VPP 
VPP 
VDD 
GND 


MD, / \ / ——————— 
1 
i aaa 


10.3 Reading Program Memory 


(1) Pull low the levels of all unused pins to GND by means of resistors. Bring Xjy to low level. 
(2) Apply 5 V to Vpp and bring Vpp to low level. 
(3) Wait 10 us. Then apply 5 V to Vpp. 
(4) Set the mode selection pins to program memory address clear mode. 
(5) Apply 6 V to Vpp and 12.5 V to Vpp. 
(6) Select program inhibit mode. 
(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four clock pulses on the 
XIN pin. 
(8) Select program inhibit mode. 
(9) Select program memory address clear mode. 
(10) Apply 5 V to the Vpp and Vpp pins. 
(11) Turn power off. 


2-292 


NV. EC uPD17P103 


The timing for steps (2) to (9) is shown below. 


Vee rr 
VPP 

VDD 

GND 


MDo wef oe [ 


0) _—_————— 


nes ae an 
wg ff N 
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NEC 


11. 


RESERVED WORDS 


Table 11-1 lists the reserved words defined in the uPD17P103 device file (AS17103). 


Table 11-1 Reserved Words 


| Poco | FLG | 0.72H.0 Read/write 
POC1 Read/write 
POC2 Read/write 
POC3 Read/write 
PODO Read/write 
BCD Read/write 
| MEM =| 0.7FH | Read/write 
Read/write Zero flag 

Read/write Carry flag 


* Although POB3 does not exist in the uPD17P103, it is defined as a ready-only flag so that it is 


treated as a dummy bit when a built-in macro is used. 
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0.71H.1 Readiurite Bit 1 of port OB 
0.71H.2 | Read/write Bit 2 of port OB 
POCO 


Always set to 0 
Bit 0 of port OC 
Bit 1 of port OC 
Bit 2 of port OC 
Bit 3 of port OC 
Bit 0 of port OD 
Bit 1 of port OD 


Bit 2 of port OD 
Bit 3 of port OD 
BCD arithmetic flag 


Program status word 


N; KE C uPD17P103 


12. INSTRUCTION SET 


12.1 Instruction Set List 


bis | 


Dis 


a 


BIN 


Oo 
oOo 
Oo 
o 


oO 
Oo 
— 
oO 
i) 


0101 


Ln wal 
—— 
“N on} & | w _ ies) 
Ps 


1000 
1001 
1010 


a 
WN 
oo 
es] 
3 
psa 
ra 
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12.2 INSTRUCTIONS LIST 


Legend: 

M : One of data memory n : Bit position : 4 bits 
m_: Data memory address specified by [m,. m,] of each bank addr : One of program memory address ; 11 bits 
m, : Data memory address high (row address) ; 3 bits ay, : Program memory address high ; 3 bits 
m, : Data memory address low (column address) ; 4 bits am : Program memory address middle ; 4 bits 

R : One of general register specified by [(RP), r] a, : Program memory address low ; 4 bits 

r : General register address low (column address) ; 4 bits CY : Carry flag 
RP : General register pointer CMP : Compare flag 

PC : Program counter s : Stop release condition 

SP : Stack pointer h : Halt release condition 


STACK _ : Stack specified by (SP) { } : Address of M.R 
i : Immediate data ; 4 bits ( ) : Contents of M,R 


Machine code 
Mnemonic | Operand Operation 
xi 


ems ao fom fom fm | | 
ADD 

| m. 81 Add immediate data to memory Ms (M) +i 10000 Fm fm | i | 

rom Add memory to register with carry R= (R) + (M) + (CY) | 00010 Fmw | me [or 
ADDC 

| m, 81 Add immediate data to memory with carry R= (M) +i+ (CY) } 10010 | my fm | i_| 
Subtract memory from register R+ (R) — (M) 00001 my fm | or | 
Subtract immediate data from memory M+ (M) -1 } 10001 
Subtract memory from register with borrow R= (R) — (M) .— (CY) } 00011 
Subtract immediate data from memory with borrow Me (MM) = 1— (CY) } 10011 
Skip if memory equal to immediate data /M=i. skip if zero} 01001 | 
Skip if memory greater than or equal to immediate data | M-—i,skip if not borrow } 11001 
Skip if memory less than immediate data M-i, skip if borrow } 11011 


B 


G 


KE 


nN} wn n wn 
pal c Sc 
2) ow 

re] 


N 
x 
GC 
4 


wn 
x 
Zz 
ic2] 


Skip if memory not equal to immediate data M-i, skip if not zero 


> 
Zz 
oO 


Logical operation 


serie o memory Rt 
Pe 


D 


OV 


~*~ 
ve] 


ad 
° 
Loe 
a 
» 
(e} 
x 
° 
2 
3 
o 
3 
° 
5 
& 
3 
a 
3 
a 
2 
o 
a 
is) 
» 
= 
t 
= 
(e) 
a 


17) 
3 | ey 


Move immediate data to memory 


CMP +0 
skip if M,=all “17 


Test memory bits, 


SKT 


then skip if all bits specified are true 


Test 


CMP + 0 
skip if M,=all “0° 


Test memory bits, 


22) 
x 
“Tr 


then skip if all bits specified are false 
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5. | Mnemonic | Operand Function Operation 
cae 
RORC ee Rotate register right with carry (CY) —(R)-CY =P 


SP+(SP) -1 
CALL | addr Call subroutine STACK+((PC) +1), 
PC+ADDR 


RET 


Subroutine 


a Return to main routine from subroutine PC+(STACK), SP*-(SP) +1 } 00111 | 00 | 1110 | 0000 
a Return to main routine from subroutine,then skip PC+-(STACK), SP*#-(SP) +1 


RETSK 
unconditionally and skip 


STOP ls | Stop clock 
HALT Halt the CPU,restart by condition h 


Miscellaneous 
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13. ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (T, = 25 °C) 


Supply Voltage Vpp —0.3 to +7.0 V 
Supply Voltage Vpp —0.3 to +13.5 V 
Input Voltage Vi POC, POD —0.3 to Vpp +0.3 V 
POB —0.3 to +11 V 
Output Voltage Vo POC, POD —0.3 to Vpp +0.3 V 
POB —0.3 to+11 V 
High-Level Output Current lon. Each of POB, POC, POD —5 mA 
Total of all pins —15 mA 
Low-Level Output Current lot Each of POB, POC, POD 30 mA 
Total of all pins 100 mA 
Operating Temperature Fapi —40 to +85 °C 
Storage Temperature T,tg —65 to +150 “6 
Power Consumption Py T, = 85 i © 16-pin DIP 400 mW 
16-pin SOP 190 


CAPACITANCE (Tz = 25°C, Vpp =0 V) 


CHARACTERISTICS SYMBOL Fomin. | typ. | MAX. | UNIT CONDITIONS 


*: Input/Output 
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DC CHARACTERISTICS (T, = —40 to +85 °C, Vpp = 2.7 to 6.0 V) 


[evmncrensres [oreo [wm [re [wa [ows [ernie 
vine [o7v00 |_| voo |__| iterten ite fotnina pi 

we [08v00| | oo _ 

[one feaven[f * 

————— 


Vind 


[wuz | 9 | 


VIL3 
Vpp-2.0 


Vpp-1.0 


ILIH2 
TLIL 


High-Level Input Voltage 


Low-Level Input Voltage 


Vpp=4.5 to 6.0 V, 
IOH=—-2 MA 


1QH=—200 LA 
Vpp=4.5 to 6.0 V, 
loL=15mA 
a 19 L=600 vA 


BEE i 


LA VouTt=0 V 


Vpp=5.0 V +10 %, 
fcc=8.0 MHz 


High-Level Output Voltage 
on POC and POD 


Vv 
Vv 
= 


Low-Level Output Voltage 
on POB, POC, and POD 


High-Level Input Leakage 
Current on POB, POC, 
and POD 


Low-Level Input Leakage 
Current on POB, POC, 
and POD 


High-Level Output Leakage 
Current on POB, POC, 
and POD 


'LOH1 
1LOH2 


ILOL 


Low-Level Output Leakage 
Current on POB, POC, 
and POD 


Operation 
mode 


Vpp=3.0 V +10 %, 


? fCC=2.0 MHz 


Vpp=5.0 V +10 %, 
fcoc=8.0 MHz 


Power Supply Current 


Vpp=3.0 V +10 %, 
fcCC=2.0 MHz 


Vpp=5.0 V +10 %, 
Vpp=3.0 V +10 % 


i= 


IpDD2 


*: When N-ch open-drain input/output is selected. 


uA 


WwW “sw 
° roo) 
= 


uA 
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY 
VOLTAGE IN THE STOP MODE (T, = —40 to +85 °C) 


[“evanacrenisrics J ovneor | wm. [te [ wax [owe | conomion 
Tore voasiepy vere | vooon | 20] | eo fv | 

fons owsionivcuren —‘[tooen | | 08 | 80 | aA [Vooon=20v 
ES 


AC CHARACTERISTICS (Tz, = —40 to +85 °C, Vpp = 2.7 to 6.0 V) 


CHARACTERISTICS SYMBOL |omin. | typ. | oM | UNIT 
Internal Clock Cycle Time ja 


High/Low Level Width on POBo and POB, 
TPBL 
_———- t 
High/Low Level Width on RESET BoA 
TRSL 


DC PROGRAMING CHARACTERISTICS 
(T, = 25 °C, Vpp = 6.0 +0.25 V, Vpp = 12.5 +0.5 V) 


CHARACTERISTICS SYMBOL MAX. | UNIT CONDITION 
ViH1 0.7-Vpp P| VoD Vv Except Xin 
Input Voltage High 
Vit Except Xin 
a 


Output Voltage High Vpp-1.0 IQH =—1mMA 


CONDITION 


Vop = 4.5 to 6.0 V 


Input Voltage Low 


fant Sane Ls RA 


2: Vpp must be applied before Vpp on and must be off after Vpp off. 


Notes 1: Vpp must be under +13.5 V including overshoot. 
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AC PROGRAMMING CHARACTERISTICS 


(Ta = 25 °C, Vpp = 6.0 +0.25 V, Vpp = 12.5 +0.5 V) 


Data Output Float Delay Time From 
MDO t> 


MD1 Ho!d Time to MDO t 


MD1 Recovery Time to MDO 4 
Program Counter Reset Time 


Xin Input High, Low Level Range 
Xin Input Frequency 

Initial Mode Set Time 

MD3 Setup Time to MD1 ft 

MD3 Hold Time to MD1 | 

MD3 Setup Time to MDO 4 


Data Output Delay Time From 
Address(*2) 


Data Output Hold Time From 
Address(*2) 


Data Output Float Delay Time From 
MD3 |> 


Reset Setup Time 


*1: Symbols for corresponding uPD27C256. 
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UNIT CONDITION 


MAX. 


us 


us 


& 


| us| MDO = MD1 = Vic 


Tus | tM1H + tM1R = 50 us 


b 


1 


G 


MS 


i 


Read program memory 


Read program memory 
pone | Read program memory 


us Read program memory 


pe Read program memory 


*2: Internal address signal is incremented by one at the falling edge of the third Xjjy input, and it is not connected to the pin. 
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Write program memory timing 


tRES 


Vpp 
Vpp 
VoD 


GND 


Vpp+1 
Vpo 
VoD 


GND 


XI 


DO to D7 


Y 


MDO 


MD1 


MD2 


MD3 


tyvPsS 


ro 


Read program memory timing 


VppP 


DO to D7 


MDO 


MD1 


MD2 


MD3 


tPCR 


| | 


¢ Data input Data input 


tM3H 


tvPS 


tXH 


XL 


'DAD 
tHAD 
cx ae aa 


D tDFR 
tM3HR 


2-302 


NEC 


uPD17P104 


4-BIT SINGLE-CHIP MICROCONTROLLER 


The wPD17P104 is a tiny microcontroller consisting of a 1K-byte ROM, 16-word RAM, and 16 input/output 
ports. It is a one-time PROM version of the 4PD17104, whose internal mask ROM is replaced with a one-time 
PROM. 
Two uPD17P104 models are available: uPD17P104CS and uPD17P104GS, which allow a program to be written 
only once. They are suitable for evaluation of uwPD17104 and for small-scale production. 
The uPD17000 architecture of the CPU uses general registers so that data memory can be manipulated directly 
for effective programming. Every instruction is 1 word long, consisting of 16 bits. 


A standby function is supported (with the STOP and HALT instructions). 
Data memory can retain data on low voltage (2.0 V at minimum). 
An oscillator is included for the system clock (for crystal or ceramic resonator). 
Operating supply voltage: 2.7 to 6.0 V (at 2 MHz) 
4.5 to 6.0 V (at 8 MHz) 


FEATURES 

@ Compatible with the uPD17104 

@ Program memory (one-time PROM): 1K bytes (512 words x 16 bits) 

@ Data memory (RAM): 16 words x 4 bits 

@ Input/output ports: 16 ports (including four N-ch open-drain outputs) 
® Instruction execution time: 2 us (with 8 MHz crystal or ceramic resonator connected) 
@ Number of instructions: 24 (Each instruction is 1 word long.) 

@ Stack level: 1 

& 

® 

& 

6 


APPLICATIONS 
@ Controlling electric appliances or toys 
@ Providing general-purpose logic ICs in one chip 


ORDERING INFORMATION 


Order Code Package 


uPD17P104CS 22-pin plastic shrink DIP (300 mil) 
pPD17P104GS 24-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 


uPD17P104CS 


POA3 
NC 
POCQ/D4 
POC;/Ds 
POC2/Dg 
POC3/D7 
POBo/RLSHALT/MDo 
POB1/RLSsTop/MD}, 
POB2/MD2 
POB3 


GND 


22-pin plastic shrink DIP 


BLOCK DIAGRAM 


POAD 
POA, 
POA2 
POA3 


POBo/RLSHa~LT/MDo 
POB;/RLSsTop/MD, 
POB2/MD2 

POB3 


GND 


O 
Sz] roa 
O 
RAM 
N-ch open drain 
16 x 4 bits 
=| ros K_) 
CMOS 
Bere] POC 
a 
CMOS One-Time 
A PROM 
. = 512 x 16 bits 
_ 
Ss 
aa (Yien Tobe) 


uPD17P104GS 
Vpop POA3 VDD 
POA2 NC POA2 
POA POCQ/Dg POA 
POA POC1/Ds POA 
POD3/D3 POC2/Dg POD3/D3 
POD2/D2 POC3/D7 POD2/D2 
POD,/D, NC NC 
PODg/Dg  POBo/RLSH~ALT/MDo POD;/D 
RESET/Vpp POB,/RLSsTop/MDq POD)/Do 
XQuT/MD3 POB2/MD2 RESET/Vpp 
XIN POB3 XOQuT/MD3 
GND XIN 
24-pin plastic SOP 
0 XIN 
© XouT/MD3 


CPU CLK CLK STOP 


CMOS 
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PIN FUNCTIONS 


@ Port pins 


PIN INPUT/ DUAL FUNCTION 
NAME OUTPUT PIN 

input/output RLSsTop ats 
eg 


@ Non-port pins 


0 


3 
2 | 2 


POA3 


POBo 


POB 
POB3 


? 


3/3/23 
$/9|S 


INPUT/ DUAL FUNCTION 
OUTPUT PIN 


D 
m 
” 
m 
+ 


XIN a 


io) 


+ N-ch open-drain 


* CMOS (push-pull) 4-bit input/ 


- CMOS (push-pull) 4-bit input/ 


uPD17P104 


When writing 
to program 
memory or 
verifying 

its contents 


* CMOS (push-pull) 4-bit input/ 


Output port (port 0A) 


For the HALT 


mode releasing Mode 


For the STOP selection 
mode releasing pin 


8-bit data 
input/output 


4-bit input/ 
output port 
(port OB) 


output port (port OC) pin (high- 


order 4 bits) 


8-bit data 
input/output 
pin (low- 
order 4-bits) 


output port (port OD) 


High 
impedance 
(input 
mode) 


High 
impedance 
(input 
mode) 


High 
impedance 
(input 
mode) 


High 
impedance 
(input 
mode) 


When writing to program 


memory or verifying its 


contents 


System reset input pin 


Positive power supply pin 


Pins to be connected to the system 


clock resonator update 


Pins to be connected to the system 
clock resonator 


NC pin is not connected internally. 
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Voltage is applied to this pin 
(+12.5 V) 

Positive power supply pin 
(+6.0 V) 


Program memory address 


Mode selection pin 


uPD17P104 


PIN INPUT/OUTPUT CIRCUITS 
Following are schematics of the input/output circuits of the pins of the uPD17P104. 


(1) POC and POD 


VDD 
data 
P-ch 
IN/OUT 
output N-ch 
disable 
VDD 
P-ch 
N-ch 
(2) POBo and POB, 
IN/OUT 
data 
N-ch 
output 
disable 
VDD 
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(3) POB2 and POB3 


IN/OUT 


data 
N-ch 
output 


disable 


(4) RESET 
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9. DIFFERENCES BETWEEN THE »PD17P104 AND uPD17104 


The uPD17P104 is a one-time PROM version of the uPD17104, in which the internal mask ROM is replaced 
with a one-time PROM. The uPD17P104 has the same CPU functions and internal hardwares as those of uPD17104 
except for its program memory and mask option. Table 9-1 lists the differences between them. 


Table 9-1 Differences between uPD17P104 and uPD17104 
ITEM uPD17P104 uPD17104 
One-time PROM Mask ROM 
512 x 16 bits 512 x 16 bits 
Pull-up resistors of pins ; 
Mask option 
POBg to POB3 
Pull-up resistors of : 
; Mask option 
RESET pin 
; ; Vpp pin and operation mode Vpp pin and operation mode 
Connection pin ; ; 
selection pins are provided. selection pins are not provided. 
2.7 to 6.0 V (at 2 MHz) 
Power supply 
4.5 to 6.0 V (at 8 MHz) 
22-pin plastic shrink DIP 
Package 
24-pin plastic SOP 
Waiting time for Ya clock oul utiackeoul 
the operation mode ictal car eres PIAS 
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10. WRITING TO AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 
The uPD17P104’s internal program memory consists of a 512 x 16 bit one-time PROM. 
Writing to the one-time PROM or verifying the contents of the PROM is accomplished using the pins shown in 


the table below. Note that address inputs are not used; instead, the address is updated using the clock input from 
the Xin pin. 


PIN NAME FUNCTION 
Voltage is applied to this pin when writing to program memory or verifying its contents. 


x Input pin for address update clock used when writing to program memory or verifying 
ws its contents 
Pins that turn to input pins and are used as operation mode selection pins when writing 
MDog to MD3 ase 
to program memory or verifying its contents 
input/output pins for 8-bit data used when writing to program memory or verifying its 
0 tO V7 
contents 


10.1 PROGRAM MEMORY WRITE/VERIFY MODES 
If +6 V is applied to the Vpp pin and +12.5 V is applied to the Vpp pin after a certain duration of reset status 


(Vpp = 5 V, RESET = 0 V), the uPD17P104 enters program memory write/verify mode. A specific operating mode 
is then selected by setting the MDop through MD3 pins as follows. Set the other unused pins to GND level by means 
of pull-down resistors. 


OPERATING MODE SPECIFICATION 
OPERATING MODE 


L Program memory address clear mode 


Verify mode 
Program inhibit mode 


X: L (low) or H (high) 


10.2 WRITING TO PROGRAM MEMORY 
The procedure for writing to program memory is described below; high-speed write is possible. 
(1) Pull low the levels on all unused pins to GND by means of resistors. Bring Xj to low level. 
(2) Apply 5 V to Vpp and bring Vpp to low level. 
(3) Wait 10 us. Then apply 5 V to Vpp. 
(4) Set the mode selection pins to program memory address clear mode. 
(5) Apply 6 V to Vpp and 12.5 V to Vpp. 
(6) Select program inhibit mode. 
(7) Write data in 1 ms write mode. 
(8) Select program inhibit mode. 
(9) Select verify mode. If the write operation is found successful, proceed to step (10). If the operation is found 
unsuccessful, repeat steps (7) to (9). 
(10) Perform additional write for (number of repetitions of steps (7) to (9)) x 1 ms. 
(11) Select program inhibit mode. 
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(12) Increment the program memory address by one on reception of four pulses on the Xj) pin. 
(13) Repeat steps (7) to (12) until the last address is reached. 

(14) Select program memory address clear mode. 

(15) Apply 5 V to the Vpp and Vpp pins. 

(16) Turn power off. 


The timing for steps (2) to.(12) is shown below. 


Repeat X times 


Reset 


r Wri Verif Additional Address 
ane | SEY write | increment 


MD, / \ / rer 
i 2 

ee eS | ae a ne a 
MD3 


10.3 READING PROGRAM MEMORY 
(1) Pull low the levels ot all unused pins to GND by means of resistors. Bring X;jy to low level. 
(2) Apply 5 V to Vpp and bring Vpp to low level. 
(3) Wait 10 us. Then apply 5 V to Vpp. 
(4) Set the mode selection pins to program memory address clear mode. 
(5) Apply 6 V to Vpp and 12.5 V to Vpp. 
(6) Select program inhibit mode. 
(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four clock pulses on the 
Xin pin. 
(8) Select program inhibit mode. 
(9) Select program memory address clear mode. 
(10) Apply 5 V to the Vpp and Vpp pins. 
(11) Turn power off. 
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The timing for steps (2) to (9) is shown below. 


Vpp 
VDD 
GND 

Vppt1 
YDD  Vop 


VPP 


GND 


XIN 


Do to D7 


MDo 


MD, 


MD2 


MD3 
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11. ASSEMBLER RESERVED WORDS 
Table 11-1 lists the reserved words defined in the uPD17P104 device file (AS17104). 


Table 11-1 Reserved Words 


FLG Bit 1 of port OA 
Bit 1 of port OB 
FLG Read/write 


0.72H.2 Read/write 
0.72H.3 Read/write 


0.73H.2 Bit 2 of port OD 
0.7FH.2 Read/write 


Bit 2 of port OB 


Bit 3 of port OB 
Bit 0 of port OC 
Bit 1 of port OC 
Bit 3 of port OC 
Bit 0 of port OD 
Bit 1 of port OD 


Read/write 
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12. INSTRUCTION SET 


12.1 INSTRUCTION SET LIST 
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12.2 INSTRUCTIONS 


Legend: 

M : One of data memory n : Bit position : 4 bits 
m_: Data memory address specified by [my. m,] of each bank addr : One of program memory address : 11 bits 
my ‘: Data memory address high (row address) : 3 bits a, : Program memory address high : 3 bits 
m, : Data memory address low (column address) : 4 bits ay : Program memory address middle : 4 bits 

R : One of general register specified by [(RP). r] a, : Program memory address low ; 4 bits 

r : General register address low (column address) : 4 bits CY : Carry flag 
RP: General register pointer CMP : Compare flag 

PC : Program counter s : Stop release condition 

SP : Stack pointer h : Halt release condition 


STACK _ : Stack specified by (SP) {[ ] : Address of M,R 
i : Immediate data : 4 bits ( ) : Contents of M,R 


Machine code 


Function Operation 
R= (R) + (M) 00000 my | mor | 


M+ (M) +1 10000 | my | mi, | 


pm fm for | 
My 


Subtract 
ae ae 


c c t cr cr cr 


Logical operation 


then skip if all bits specified are true 


Test memory bits, CMP -- 0 


then skip if all bits specified are false skip if M,=all “0 


: 
Ls] 
& 
Test memory bits, 
a 


2-314 


uPD17P104 


T 


ee 


CALL 


RET | Return to main routine from subroutine PC+I(STACK), SP—(SP) +1 


Berek Return to main routine from subroutine,then skip PC—(STACK), SP—(SP) +1 
Sk 
unconditionary and skip 


SN 
HALT Halt the CPU,restart by condition h HALT 00111 | on 
FN eC 


| Machine code | code 
Operation 
cn [os 
PC*ADDR 01100 paras 


(CY)—(R)—-CY 


Jump to the address 


Branch 


Rotate register right with carry 


Shift 


SP=(SPh—1 
STACK*+((PC) +1), 
PC+-ADDR 


Call subroutine 


addr 


Subroutine 
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13. ELECTRICAL CHARACTERISTICS (PRELIMINARY) 


ABSOLUTE MAXIMUM RATINGS (Tag = 25 °C) 


Supply Voitage Vop —0.3 to +7.0 V 
Supply Voltage Vpp —0.3 to +13.5 Vv 
POA, POC, POD —0.3 to Vpp + 0.3 Vv 
Input Voltage Vv; 
POB —0.3 to +11 V 
POA, POC, POD —0.3 to Vpp + 0.3 V 
Output Voltage Vo 
POB —0.3 to +11 Vv 
Each of POA, POB, POC, POD —5 mA 
High-Level Output Current lou 
Total of all pins —15 mA 
Each of POA, POB, POC, POD 30 mA 
Low-Level Output Current lot 
Total of all pins 100 mA 
Operating Temperature Topt —40 to +85 °C 
Storage Temperature Tstg —65 to +150 ge 
‘ 22-pin shrink DIP 400 
Power Consumption Pq Tg =85 C mW 
24-pin SOP 250 


CAPACITANCE (Tag = 25 °C, Vpp = 0 V) 


CHARACTERISTICS SYMBOL | min. | Typ. | MAX. | UNIT CONDITIONS 
0 V for pins other than pins to be 


* input/output 


measured 
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DC CHARACTERISTICS (Ta = —40 to +85 °C, Vpp = 2.7 to 6.0 V) 


[“enanactenisrics [evwoou] wn] We | wae | owe | conommons 
[wins [07 von] | voo |__| Over an tte toning pp | 
[vine [°8¥00| | voo |v |remeeer 


High-Level Input Voltage 


Low-Level Input Voltage 


High-Level Output Voltage 
on POA, POC, and POD 


Low-Level Output Voltage 
on POA, POB, POC, and POD 


High-Level Input Leakage 
Current on POA to POD 


Low-Level Input Leakage 
Current on POA to POD 


High-Level Output Leakage 
Current on POA to POD 


Low-Level Output Leakage 
Current on POA to POD 


Vpp =5 V +10 %, 
fcc = 8.0 MHz 


Vpp = 3 V +10 %, 
fcc = 2.0 MHz 


Vpp =5V+10%, 
HALT fcc = 8.0 MHz 
fcc = 2.0 MHz 


Operation 


mode 


w 
o 


Power Supply Current 


= b= 


= . 
oO 


* When N-ch open-drain input/output is selected 
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE 
IN THE STOP MODE (Tag = —40 to +85 °C) 


CHARACTERISTICS SYMBOL Le Re Ea UNIT CONDITIONS 


AC CHARACTERISTICS (Ta = —40 to +85 °C, Vpp = 2.7 to 6.0 V) 


CHARACTERISTICS SYMBOL ae CONDITIONS 


High/Low Level Width on 
POBg and POB, 


DC PROGRAMING CHARACTERISTICS (Ta = 25 °C, Vpp = 6.0 + 0.25 V, Vpp = 12.5 + 0.5 V) 


ViH2 Vpp-0.5 XIN 


Notes 1. Vpp must be under +13.5 V including overshoot. 
2. Vpp must be applied before Vpp on and must be off after Vpp off. 
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CONDITION 


Address Set Up Time{*2) to 


MDO4 
MD1 Setup Time to MDO} 
Data Setup Time to MDO4} 


Address Hold Time(*2) to 
MDOt 


tas tas 
Data Hold Time to MDOt 
Data Output Float Delay Time a 
from MDOt> 
Vpp Setup Time to MD3t typs 
Vpp Setup Time to MD3t tvps 


Data Output Delay Time from 
tov MDO = MD1 = Vi, 
MDOJ— 


MD1 Hold Time to MDOT 


MD1 Recovery Time to MDO4 


Program Counter Reset Time 


Xin Input High, Low Level 
Range 


Xin Input Frequency 


| {Initial Mode Set Time 
MD3 Setup Time to MD1Tt 


MD3 Hold Time to MD14 
MD3 Setup Time to MDO4 


Data Output Delay Time from 
Address(*2) 


Data Output Hold Time from 
Address(*2) 


MD3 Hold Time to MDOT 


Data Output Float Delay Time 
from MD3})—> 


*1 Symbols for corresponding uPD27C256. 
*2 Internal address signal is incremented by one at the falling edge of the third Xjpy input, and it is not connected to the pin. 
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WRITE PROGRAM MEMORY TIMING 


tRES 


tvPS 


Data Input} Data input 


* 


4 $$ 


MD 4 


MD2 


READ PROGRAM MEMORY TIMING 


tRES 


tyvPS 
Vpp fem 
VPP 
VDD 
GND tvDSs 
Vpptl ; Pp 
VDD 
VDD ‘es 
GND 
XIN / \ 
XL tDAD 
tHAD : 
x D tDFR 


tM3HR 


MDg 
MD, 
MD2 
tm3SR 
MD3 | 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The uPD17107 is a tiny microcontroller consisting of a 1K-byte ROM, 16-word RAM, and 11 input/output ports. 
The 17K architecture of the CPU uses general registers so that data memory can be manipulated directly for 
effective programming. Every instruction is 1 word long, consisting of 16 bits. 


FEATURES 


Program memory (ROM): 
Data memory (RAM): 
Input/output ports: 
Instruction execution time: 
Number of instructions: 
Stack level: 


1K bytes (512 words x 16 bits) 

16 words x 4 bits 

11 ports (including three N-ch open-drain outputs) 
128 us (for. 62.5 kHz) to 8 us (for 1 MHz) 

24 (Each instruction is 1 word long.) 

1 


A standby function is supported (with the STOP and HALT instructions). 
Data memory can retain data on low voltage (2.0 V at minimum). 
An oscillator is included for the system clock (only resistor for external circuit). 


Operating supply voltage: 


APPLICATIONS 


Controlling electric appliances or toys 


ORDERING INFORMATION 


HPD17107CX-xxx 
uPD17107GS-xxx 


Ordering Code 
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2.5 to 6.0 V (at 250 kHz) 
4.5 to 6.0 V (at 1 MHz) 


Package 


16-pin plastic DIP (300 mil) 
16-pin plastic SOP (300 mil) 


uPD17107 


PIN CONFIGURATIONS (Top View) 


uPD17107CX / uPD17107GS 


OSC, GND 
OSCg POB2 
RESET POB;/RLSstop 
PODg POBo/RLSHALT 
POD POC3 
POD2 POC2 
POD3 POC] 
VppD POCg 


16-pin plastic DIP 
16-pin plastic SOP 


BLOCK DIAGRAM 


System Clock 
Generator 


CPUCLK CLK STOP 


RAM 
16 x 4 bits 


N-ch open drain 


POBo/RLSHALT 9° 
POB;/RLSstop © 
POB2 
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PIN FUNCTIONS 


¢ Port pins 


Pin name 


POBo/RLSnat 
POB1/RLSstop 


ee 
For releasing the HALT mode 
For releasing the STOP mode 


¢ Open-drain: 
High impedance 
(input mode) 


¢ With pull-up 
e N-ch open-drain 4-bit I/O port (port 0B) resistor provided: 
¢ A pull-up resistor can be provided bit by bit High level 


(mask-selected). 
9 V in open-drain mode 


(input mode) 


High impedance 
(input mode) 


High impedance 
(input mode) 


CMOS (push-pull) 4-bit I/O port (port OC) 


PODo to PODs CMOS (push-pull) 4-bit I/O (port 0D) 


« Non-port pins 


Function 


System reset input pin 
A built-in pull-up resistor can be provided bit 
by bit (mask-selected). 


Pins to be connected to the system clock 
resonator 


VO: Input/output 
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PIN INPUT/OUTPUT CIRCUITS 


Following are schematics of the input/output circuits of the pins of the uPD17107. 


(1) POC, and POD 


VDD 
data 
P-ch 
IN/OUT 
output N-ch 
disable 
VDD 
P-ch 
N-ch 
(2) POBo and POB: 
Voo 
i] 
| 
| 
Pull-up resistor 
(mask-selected) 
| 
IN/OUT 
dat 
aii N-ch 
output 
disable 
Voo 
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(3) POB2 
VpD 
| 
Pull-up resistor 
(mask-selected) 
| 
IN/OUT 
data Son 
output 
disable 
VoD 
P-ch 
N-ch 
(4) RESET 


VoD 


1 
; Pull-up resistor 
: (mask-selected) 
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1. PROGRAM COUNTER (PC) 


1.1 FORMAT OF THE PROGRAM COUNTER (PC) 
The program counter is a 9-bit binary counter formatted as shown in Fig. 1-1. 


Fig. 1-1 Format of the Program Counter 


9 bits 


12 FUNCTIONS OF THE PROGRAM COUNTER (PC) 

The program counter specifies the address of a program memory (ROM) or a program. 

Usually, every time an instruction is executed, the program counter is incremented by one. When a branch 
instruction (BR), a subroutine call instruction (CALL), or a return instruction (RET) is executed, the address 
specified in the operand is loaded inthe PC. Then the instruction in the address is executed. When a skip instruction 
is executed, the address of the instruction next to the skip instruction is specified irrespective of the contents of 
the skip instruction. If the skip conditions are satisfied, the instruction next to the skip instruction is regarded as 
a No Operation (NOP) instruction. So, the NOP instruction is executed and the address of the next instruction is 
specified. 
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2. STACK 


uPD17107 


Stack of the uPD17107 is a register in which the return address of a program is saved when a subroutine call 
instruction is executed. One level of address stack is provided. 
Fig. 2-1 shows the relationship between PC, stack, and instructions. 


Fig. 2-1 Relationship between PC, Stack, and Instructions 


ec|_rca | rc7 | ros | rcs | rca | rca | ace | pcr | eco | 
RET 
RETSK 


CALL 
BR, CALL 


In Fig. 2-1, AHn, AMn, and ALn (n = 0 to 3) indicate bit positions in a 16-bit instruction as follows: 
Fig. 2-2 Format of a 16-Bit Instruction 
MSB LSB 


Instruction | FH EH DH CH BH AH 9H 8H 7H 6H 5H 4H 3H 2H 1H OH 


t t t t t t t t t t t 


Operation code AH2 AHI AHO AM3 AM2 AM1 AMO AL3 AL2 ALI ALO 
ele eee 
Operand 


When the assembler (AS17K) is not used and a BR or CALL instruction is used, AH2 and AH1 must be set 
to 0. 

Sn (n = 0 to 8) denotes a stack. 

RESET signal input clears all bits of the program counter to 0. 
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3. PROGRAM MEMORY (ROM) 


Fig. 3-1 shows the configuration of program memory (ROM). 

The program memory consists of 512 words by 16 bits. 

The program memory is addressed in units of 16 bits and it ranges from addresses 000H to O1FFH. Each 
address is specified by the program counter (PC). 

Since an instruction consists of 16 bits (one word), the instruction is stored at one address of the program 
memory. 

Address OOOH is assigned to a reset start address. 


Fig. 3-1 Program Memory Map 


16 bits|§ ——— = 
OOOH 


512 words 


O1FFH 
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4. DATA MEMORY (RAM) 


The data memory stores data of arithmetic/logic and control operations. Data can be always written to or read 
from it by means of instructions. 


4.1 FORMAT OF THE DATA MEMORY (RAM) 

Fig. 4-1 shows the format of the data memory (RAM). 

The data memory is configured in units of four bits, or “one nibbie,” and an address is assigned to each four 
bits of data. The three high-order bits are called the “row address,” and the four low-order bits are called the 
“column address.” | 

According to its functions, the datamemory is divided into three blocks as shown below: general-purpose data 


memory, port register, and system register. 


Fig. 4-1 Data Memory Map 


Column address — 
0 1 2 3 4 5 6 7 8 9 A B Cc D E F 


0 General-purpose data memory (general register) 
. 7 Port register System register 


4.1.1 Functions of the general-purpose data memory 

The general-purpose data memory is a part of the data memory from which the system register (SYSREG) and 
port register are excluded. By executing a data memory manipulation instruction, a four-bit arithmetic operation 
and comparison, evaluation, andtransfer between data on data memory and any immediate datacan be executed 
with a single operation. 


4.1.2 Functions of the general register 

The general register indicates any identical row address (16 nibbles) in the data memory specified in the 
register pointer (RP) in the system register. Since the uPD17107 register pointer is always set to 0, the general- 
purpose data memory is also used as a general register. The general register can operate or transfer data to and 
from the data memory. 


4.1.3 Functions of the port register 

The port register is used to set output data or to read the input data of input/output ports. 

Once data are written tothe port register correspondingto a port, the portis set as an output port and continues 
to output the value unless the value is rewritten. Whenever a read instruction is executed for a port register, the 
read data indicate the states of the pins, not the value of the port register, regardless of whether the pins are in 
the input or output mode. 


4.1.4 Functions of the system register 


The system register controls the CPU. The program status word (PSW) is the only system register existing in 
the uPD17107. 
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Fig. 4-2 System Register Map 


Bit 0 at address 7EH and the high-order three bits at address 7FH are assigned to the program status word. 

The BCD flag is mapped in bit 0 at address 7EH, the CMP flag is mapped in bit 3 at address 7FH, the carry (CY) 
flag is mapped in bit 2 at address 7FH, and the zero (Z) flag is mapped in bit 1 at address 7FH. 

The high-order three bits at address 7EH and bit 0 at address 7FH are always set to 0. 
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Fig. 4-3 Format of the Program Status Word 


Address 7EH Address 7FH 
BITO BIT3 BITO 


Set to 0 when: 

¢ Anarithmetic operation generates 
a result of zero if CMP = 0. 

* An arithmetic operation generates 


Zero 
flag a result of zero and Z = 1 if 
(2) CMP = 1. When the Z flag is 
already 0, it remains unchanged. 
Reset to 1 when: 
¢ Anarithmetic operation generates 
a result other than zero. 
Set to 0 when: 
¢ An addition produces a carry or a 
subtraction produces a borrow. 
Carry ¢ The LSB of the operand in the RORC 
flag instruction is 1. 
(CY) Reset to 1 when: 


¢ Neither a carry nor borrow is 
produced. 

¢ The LSB of the operand in the RORC 

instruction is 0. 


If this flag is set, the result of an 
arithmetic operation is not stored in 
memory or general registers. The 
flag is automatically reset by 
executing the SKT or SKF instruction. 


Compare 
flag 
(CMP) 


If this flag is set, arithmetic 


BCD 

operations are performed in decimal, 
flag ees ; ee 

and if this flag is reset, arithmetic 
(BCD) 


operations are performed in binary. 


Comparison instructions (SKE, SKNE, SKGE, or SKLT) do notchange the state of the CY flag, but an arithmetic 
operation may affect the CY flag according to the result even if the CMP flag is set. 

Each bit of the program status word is initialized to 0 when a reset signal is applied. 

The Z flag in the program status word changes according to the set value of the CMP flag as listed in 
Table 4-1. 
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Table 4-1 Change in Z Flag 


Z | Zflag value | value 
Condition 
CMP =0 


Memory manipulation sets the Z flag to 0. po 
Memory manipulation sets the Z flag to 1. po 


Arithmetic operation results in a non-zero value. 
Arithmetic operation results in 0. 


Zn-1: The Z flag value present immediately before arithmetic operation 


While CMP is 1, if an arithmetic operation results in OH when the value of the Z flag is 1, the Z flag does not 
change. If an arithmetic operation results in other than OH, the Z flag is reset to 0 and remains intact even when 
a second arithmetic operation results in OH. 

After the CMP and Z flags are set to 1, subtraction and comparison are performed several times. Then, if the 
Z flag still indicates 1, all of the comparison operations showed a match, resulting in 0. If the Z flag is 0 after the 
comparison operations, a mismatch occurred in at least one comparison operation. 
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5. ARITHMETIC AND LOGIC UNIT (ALU) 


The arithmetic and logic unit (ALU) performs arithmetic operations, logical operations, bit tests, comparisons, 
and rotations on 4-bit data. 


5.1 ARITHMETIC OPERATIONS 

Arithmetic operations are performed on binary or decimal data. If the BCD flag in the program status word is 
1, the ALU operates on decimal data, and if the flag is 0, it operates on binary data. 

If an addition produces a carry or if a subtraction produces a borrow, the carry (CY) flag is set to 1. If neither 
a carry nor borrow is produced, the flag is reset to 0. 

If an arithmetic operation results in zero, the zero (Z) flag is set to 1. Otherwise, the flag is reset to 0. 


(1) Binary operation 
If the result of a binary arithmetic operation is greater than 15 (1111B), a carry is made. If it is less than 
zero, a borrow is made. In either case, the CY flag is set to 1. 

(2) Decimal operation 
if the result of a decimal arithmetic operation is greater than 9 (1001B), a carry is made. If it is less than 0, 
a borrow is made. In either case, the CY flag is set to 1. 


Decimal operations are allowed if one of the following results is generated. If the result of a decimal operation 
does not fall into these ranges, the CY flagis set to 1, and aresult greater than or equal to 10 (1010B) is produced. 
1. Addition must generate a result from 0 to 19. 
2. Subtraction must generate a result from 0 to 9 or -10 to -1. 


5.2 LOGICAL OPERATIONS 
Logical operations include ANDing, ORing, and XORing. 


5.3 OTHER OPERATIONS 
The ALU enables bit testing, comparison, and data rotation. 
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6. PORTS 


6.1 PORT OB (POBo/RLSHat, POB1/RLSsrtop, POB2) 

Port 0B is a three-bit input/output port. Only N-ch open-drain outputs appear on the pins of port 0B. The N-ch 
open-drain output mode allows application of 9 V, so it can be used for interfacing with a circuit operating ona 
different power supply voltage. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 71H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data are written to the port register, all pins of port 
POB are placed in the output mode to continue to output written data. The data are retained unless new data are 
written to the register. 

Whenever the port register is read, the read data indicate the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 

The port register for port Bconsists of four bits but its highest bit is always set to 0. This means that if an attempt 
is made to write datatothe highest bit of 71H, the dataisinvalidated and if an attemptis madetoread it, 0isalways 
returned. 

When the uPD17107 is inthe HALT or STOP mode, POBo and POB: function as pseudo interrupt pins to release 
the HALT and STOP modes. (Refer to Section 8). 


6.2 PORT OC (POBo to POC;) 

Port OC is a four-bit input/output port. CMOS (push-pull) outputs appear on those pins. 

Input and outputare set in units of nibbles. The input modeis set at reset, and the output mode is set by writing 
data to the port register in address 72H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the portis executed via the port register. Once data are written to the port register, all pins of the port 
POC are placed in the output mode to continue to output written data. The data are retained unless new data are 
written to the register. 

Whenever the port register is read, the read data indicate the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 


6.3. PORT OD (PODo to PODs) 

Port OD is a four-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and outputare set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 73H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the portis executed via the port register. Once data are written to the port register, all pins of the port 
POD are placed in the output mode to continue to output written data. The data are retained until new data are 
written to the register. 

Whenever the port register is read, the read data indicate the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 
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Fig. 6-1 Port Register Map 


Column address — 
0 1 2 3 4 5 6 7 8 9 A B C OD E F 


| 


6.4 RECOMMENDED CONDITIONS FOR UNUSED 1PD17107 PINS 
To prevent malfunction, process unused input/output pins as shown below. 


Table 6-1 Recommended Conditions for Unused Pins 
Input/ 


Ports B, C, and D Connect to Voo or GND. 


Output mode Open 
N-ch open-drain port 
(port B) 


Recommended connection 
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7. STANDBY FUNCTIONS 


The uPD17107 provides two standby modes, the HALT mode and the STOP mode. 


7.1. HALT MODE 

The HALT mode stops the program counter (PC) while allowing the system clock to continue operating. The 
HALT mode can be entered with the HALT instruction, and can be released by a reset signal (RESET) or input to 
the POBo pin. When the HALT mode is released by input to the POBo pin, the next instruction after the HALT 
instruction is executed without waiting for stable oscillation of the system clock. 

When the HALT mode is released forcibly by the reset signal (RESET), normal system reset occurs, and 
execution starts at address 0H. 


7.2 STOP MODE 

The STOP mode stops oscillation of the system clock so that data can be retained at low voltage. The STOP 
mode can be entered with the STOP instruction, and can be released by a reset signal (RESET) or input to the POB: 
pin. When the mode is released by input to the POB: pin, execution starts with the next instruction after the STOP 
instruction. 


When the STOP mode is released forcibly by the reset signal (RESET), normal system reset occurs, and 
execution starts at address OH. 


7.3. SETTING AND RELEASING THE STANDBY MODES 


(1) Setting and releasing the HALT mode 
The conditions for releasing the HALT mode can be selected with the least significant bit of the operand 
in the HALT instruction. The high-order three bits of the operand must be set to 0. 


Table 7-1 Setting and Releasing Conditions Specified in the HALT Instruction 


HALT 000XB <— 4-bit data in the operand 


Conditions for setting/releasing the HALT mode 


Executing the HALT instruction enters the HALT mode unconditionally. 
The mode can be released only by the reset signal (RESET). After the 
mode is released, instructions are executed starting at address OH. 


If POBO is 0, executing the HALT instruction enters the HALT mode. 

If POBO is 1, executing the HALT instruction does not enter the HALT mode. 

Application of the reset signal (RESET) releases the HALT mode. After the mode is released, 
instructions are executed starting at address OH. The rising edge of an input signal on the POBo 


pin also releases the HALT mode. In this case, execution starts with the next instruction after 
| the HALT instruction. 


(2) Setting and releasing the STOP mode 
Conditions to release the STOP mode can be selected with the least significant bit of the operand in the 
STOP instruction. The high-order three bits of the operand must be set to 0. 
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Table 7-2 Setting/Releasing Conditions Specified in the STOP Instruction 


STOP 000XB < 4-bit data in the operand 


Conditions for setting/releasing the STOP mode 


Executing the STOP instruction enters the STOP mode unconditionally. 
All peripheral circuits are placed in the same initial state as when 


the system is reset, then they stop operating. 
Only the reset signal (RESET) can release the STOP mode. After the 
mode is released, instructions are executed starting at address OH. 


If POB1 is 0, executing the STOP instruction enters the STOP mode. 
If POB1 is 1, executing the STOP instruction does not enter the STOP mode. 

Application of the reset signal (RESET) can release the STOP mode. 

After the mode is released, instructions are executed starting at address OH. 

The rising edge of the signal applied to the POB: pin can also release the mode. In this case, 
execution starts with the next instruction after the STOP instruction. 


7.4 TIMING FOR RELEASING THE STANDBY MODES 


Fig. 7-1 Releasing the HALT Mode by RESET Input 


HALT 
instruction 


Operation 
mode HALT mode bd Operation mode 


Oscillation 


Clock 


When the RESET signal is applied to release the HALT mode, the RESET input makes a transition from lowto 
high, then an operation mode is entered. 


* The HALT mode remains effective in this period, waiting for the operation mode. 
At least eight clock pulses on the OSC: pin cause operation to start. 


Fig. 7-2 Releasing the HALT Mode by Interrupt 


HALT 


instruction 
Standby-release a ce 
signal (POBg) Operation 
mode HALT mode Operation mode 


Oscillation 
Clock 
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Fig. 7-3 Releasing the STOP Mode by RESET Input 


STOP 
instruction 


Operation 
mode 


STOP mode 
Oscillation 
stopped 


As soon as the RESET input makes a transition from high to low in the STOP mode, the system clock starts 
generating clock pulses. 


HALT mode Operation mode 


Oscillation Oscillation 
Clock 


* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the OSC: pin cause operation to start. 


Fig. 7-4 Releasing the STOP Mode by Interrupt 


STOP 

instruction 
Standby release ee es 
; Operation STOP 
signal (POB) : 

mode instruction Operation mode 
Oscillation 
Clock Oscillation stopped Oscillation 


* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the OSC: pin cause operation to start. 
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8. RESET FUNCTION 


8.1 HARDWARE STATE AT RESET 
A low-active reset signal applied to the RESET pin sets the hardware states as listed below. A transition from 
low to high on the RESET pin releases the reset state. (2 


Table 8-1 Hardware after Reset 


Data present before 
reset is retained. 


Program counter 


OH to OFH 


Bit 0 at 7EH 
Bits 3 to 1 at 7FH 


Program status 
word (PSW) 


Data present before 
reset is retained. 
All pins are placed 
in the input mode. 


Ports 0B to 0D 71H to 73H 
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9. ASSEMBLER RESERVED WORDS 


9.1 MASK OPTION PSEUDO INSTRUCTIONS 
Source programs inthe assembly language for the uPD17107 must include mask option pseudo instructions 
to select pin options. 
To do this, be sure to catalog the D17107. OPT file in AS17107 (device file for u.PD17107) into the current 
directory beforehand. 
Options must be mask-selected for the following pins: 
* POBo 
¢ POB: 
¢ POB2 
¢ RESET 


9.1.1 OPTION and ENDOP pseudo instructions 

The part starting with the OPTION pseudo instruction and ending with the ENDOP pseudo instruction is 
referred to as a mask option definition block. The coding format of the mask option definition block is shown on 
the next page. 

Within this block, the mask option definition pseudo instructions listed in Table 9-1 can be coded. 


Format 
Symbol Mnemonic Operand Comment 
[label:] OPTION [;comment]} 


ENDOP 


9.1.2 Mask option definition pseudo instructions 
Table 9-1 lists the mask option definition pseudo instructions corresponding to each pin. 


Table 9-1 Mask Option Definition Pseudo Instructions 
Mask option 
pseudo instruction 


POBz to POBo OPTPOB 
RESET OPTRES 


Number of 
operands 
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Operand name 


POBPLUP (with pull- 
up resistor) 

OPEN (without pull- 
up resistor) 


RESPLUP (with pull- 
up resistor) 

OPEN (without pull- 
up resistor) 
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The coding format of OPTPOB is shown below. The operands POBz, P0OB:, and POBo are defined in this order. 


Format 
Symbol Mnemonic Operand Comment 
{label:] OPTPOB (POBz), (POB1), (POBo) [;comment] 


The coding format of OPTRES is shown below. 


Format 

Symbol Mnemonic Operand Cornment 

[label:] OPTRES (RESET) [:;comment] 
Example: 


To set the following mask options in a uPD17107 source file to be assembled: 
POBz: Pull-up POB1: Open POBo: Open 
RESET: Pull-up 


; 17107 
Setting mask options: OPTION 
OPTPOB POBPLUP, OPEN, OPEN 


OPTRES RESPLUP 
ENDOP 
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9.2 RESERVED WORDS 
Table 9-2 lists the reserved words defined in the uPD17107 device file (AS17107). 


Table 9-2 Reserved Words 


= 
a 
root | A 
mcr | A 
roca | A 
is 


* Although POB3 does not exist in the uPD17107, it is defined as a read-only flag so that it is treated as a dummy bit when 
a built-in macro is used. 
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10. INSTRUCTION SET 


uPD17107 


10.1 INSTRUCTION SET LIST 


m, 
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102 INSTRUCTIONS 


Legend: 

M : One of data memory n : Bit position : 4 bits 
m : Data memory address specified by [my m,] of each bank addr : One of program memory address : 11 bits 
my : Data memory address high (row address) : 3 bits ay : Program memory address high : 3 bits 
m, : Data memory address low (column address) : 4 bits ay : Program memory address middle : 4 bits 

R : One of general register specified by [(RP), r] a, : Program memory address low : 4 bits 

r : General register address low (column address) : 4 bits CY : Carry flag 
RP: General register pointer CMP : Compare flag 

PC : Program counter s : Stop release condition 

SP : Stack pointer h : Halt release condition 

STACK _ : Stack specified by (SP) { ] : Address of M,R 


i : Immediate data ; 4 bits ( ) : Contents of M,R 


> |Mnemonic | Operand Function Operation 
2 [se 
Eo 
ADD : 
nei [asemmcne nao memo woe fiom fom 
fom [enemy oer vibary iw Fw PCH wef mm | 
(OP Tai [patina ae meer wih crew vie cfm fm | 
fem [Si meni mee ifm fom foe [| 
8 Tan [Sac mete dn rom como mcf PP 
fom Si ene tam eae wih bony ifaw ow me fm | 
Ni Ta [Siac mete dt rom nemo wih now wma —s—e Ywrfmw fm | 
oe ae 
sec [m= [Sis mer ener noe ae in [NL ow wow Hom [mw | me | 
seit [m6] Sn menor tw tan dine ae a wom fmf | 
Si ment eo nmete s——‘u kineow wwo [om ffm | 
Lc OF omni at mete a= om 
cm [lows OR oer ak meno OR | om 
a 
om 


Subtract 


ompare 


Cc 


oN | 
acu 


Logical operation 


wG ca ~*~ 


OR 


Logical XOR of register and memory 

wt memes ower mf fm | 
Serre omen teft fon 
ove neti dew menos fe | 


Test memory bits, CMP +0 

ae aoe Me 
then skip if all bits specified are true skip if M,=all “1 
Test memory bits. CMP —0 

os ae my 
then skip if all bits specified are false skip if M,=all 0 
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2 | Machine code code 

5, |Mnemonic| Operand Function Operation 

: | Ce Sits | its sis 
code {77 

RORC Rotate register right with carry (CY)—(R)-CY | me fof 


SP+(SP) -1 
| CALL | addr | Call subroutine STACK=((PC) +1), 
PC~ADDR 


— Return to main routine from subroutine,then skip PC+(STACK), SP*-(SP) +1 
unconditionary and skip 


Branch 


Shift 


Subroutine 


Halt the CPU,restart by condition h HALT 
NC 


wn 
3 
5 
D 
cS 
a 
Ov 
B 
= 
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11. ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 


Supply Voltage Voo -0.3 to +7.0 V 
POC, POD, -0.3 to Voo+0.3 V 
Input Voltage Vi (*1) -0.3 to Vo0+0.3 Vv 
POB 
(*2) -0.3 to +11 V 
POC, POD, RESET -0.3 to Vo0+0.3 V 
Output Voltage Vo (*1) -0.3 to Voo+0.3 V 
POB 
(*2) -0.3 to +11 V 
High-Level hoes Each of POB, POC, POD -5 mA 
SUROUES Sires Total of all pins -15 mA 
Low-Level Ss Each of POB, POC, POD 30 mA 
CUtpuPeArrent Total of all pins 100 mA 
Operating Toot -40 to +85 *C 
Temperature 
Temperature 
: 400 
Power P cious on mW 
° Ta = 85°C 16-pin SOP 250 


Consumption 


* 1 N-ch open-drain input/output and input/output with a pull-up resistor provided 
* 2 N-ch open-drain input/output 


CAPACITANCE (T; = 25 °C, Voo = OV) 


CHARACTERISTICS SYMBOL ; 


input/output 


CONDITION 


f = 1 MHz 


0 V for pins other than 


pins to be measured 


capacitance 
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DC CHARACTERISTICS (T, = -40 to +85 °C,, Voo = 2.5 to 6.0 V) 


MAX. 


Other than the following 
Voo V pins and port 


POB and 


C 


High-Level 
input Voltage 


f 


Low-Level 
Input Voltage 


Voo = 4.5 to 6.0 V, 


High-Level eee 


Output Voltage 
on POC and POD 


< 
) 
fe) 
' 
N 
ro) 


Low-Level 
Output Voltage 
on POB, POC 
and POD 


Voo = 4.5 to 6.0 V, 
lo.= 15 mA 


High-Level 
Input Leakage 
Current on POB 
to POD 


Low-Level Input 
Leakage Current 
on POB to POD 


High-Level 
Output Leakage 
Current on POB 
to POD 


Low-Level Output 
Leakage Current 
on POB to POD 


Resistor Provided 


for Input Pin 


Resistor Provided POBo, POB:, and POB2 


for Input/Output Pin (pull-up) 


* 3 When N-ch open-drain input/output is selected 
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Voo =5V+10% 
fcc = 1.0 MHz + 20% 


Voo=3V+t 10%, 
fec = 250 KHz + 20% 


Power Supply Voo = 5 Vz 10%, 
Current ( *4) fec = 1.0MHz+20% 


Voo = 3V+10%, 
fec = 250 kHz + 20% 


Voo =5V+10% 
Voo =3V+10% 


*4 This current excludes the current which flows through the built-in pull-up resistors. 


CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE IN THE 


STOP MODE (T. = -40 to +85 °C) 
CONDITION 


CHARACTERISTICS SYMBOL sain. 
ee 


Data Hold Supply Current 
Release Signal Set Time tere | 


ul 


CHARACTERISTICS 


Internal Clock Cycle Time 


en Sit souonien 
Tcy 


TPsH 


High/Low Level Width on 
POBo and POB: 


High/Low Level Width on 
RESET 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The uPD17108 is a tiny microcontroller consisting of a 1K-byte ROM, 16-word RAM, and 16 input/output ports. 
The 17K architecture of the CPU uses general registers so that data memory can be manipulated directly for 
effective programming. Every instruction is 1 word long, consisting of 16 bits. 


FEATURES 

e Program memory (ROM): 1K bytes (512 words x 16 bits) 

e Data memory (RAM): 16 words x 4 bits 

e Input/output ports: 16 ports (including four N-ch open-drain outputs) 
e Instruction execution time: 128 us (for 62.5 kHz) to 8 ys (for 1 MHz) 

e Number of instructions: 24 (Each instruction is 1 word long.) 

e Stack level: 1 


e Astandby function is supported (with the STOP and HALT instructions). 
e Data memory can retain data on low voltage (2.0 V at minimum). 
e An oscillator is included for the system clock (only resistor for external circuit). 
e Operating supply voltage: 2.5 to 6.0 V (at 250 kHz) 
4.5 to 6.0 V (at 1 MHz) 


APPLICATIONS 


e Controlling electric appliances or toys 


ORDERING INFORMATION 


Order Code Package 
éPD17108CS-xxx 22-pin plastic shrink DIP (300 mil) 
uPD17108GS-xxx 24-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 


POA3 


NC 


POCog 


POC, 


POC? 


POC3 


POBo/RLSHALT 


POB;/RLSstop 


POB2 


POB3 


GND 


uPD17108CS 


22-pin plastic shrink DIP 


BLOCK DIAGRAM 


CMOS 
POAg O 
POA, 0 
POA 
PCAQ O = 
POA O 
N-ch open drain 
POBo/RLSHALT o 
POB,/RLSsTopP o 
P0382 O POB = 
PC33 fe 
CMOS 
FICg 0 
PCC, O 
POC> © POC K _} 
POC3 O 
CMOS 
PODg © 
POD; © (~) 
POD? O 
POD3 
RESET o—= 


uP017108GS 


POA3 


NC 


POCo 


POC, 


POC 


POC3 


NC 


POBo/RLSHALT 


POB;,/RLSstop 


POB?2 


POB3 


GND 


24-pin plastic SOP 


System Clock 
Generator 


CPUCLK CLK STOP 


RAM 
16 x 4 bits 


Instruc- 
tion 
Decorser 


512 x 16 bits 


a 
O\Presram coun 
"i 

6 CSET 
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PIN FUNCTIONS 


¢ Port pins 


PO0Ao to POA: ¢ CMOS (push-pull) 4-bit /O port (port 0A) 


POBo/RLSnHatt 
POBi/RLSstop 
/O | « N-ch open-drain 4-bit I/O port (port 0B) 
¢ A pull-up resistor can be provided bit by bit 
POBs (mask-selected). 
* 9Vin open-drain mode 
PO0Co to POC3 CMOS (push-pull) 4-bit I/O port (port OC) 
PODo to POD: CMOS (push-pull) 4-bit I/O port (port 0D) 


* Non-port pins 


Pin name 


For releasing the HALT mode 


For releasing the STOP mode 


1/0 


¢ System reset input pin 
¢ A built-in pull-up resistor can be provided 


RESET 
(mask-selected). 
OSCo, OSC; 


YO: input/output 


¢ Pins to be connected to the system clock 
resonator 
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¢ Positive power supply pin 


Se 


High impedance 
(input mode) 


¢ Open-drain: 

High impedance 

(input mode) 

¢ With pull-up 
resistor provided: 

High level 

(input mode) 


High impedance 
(input mode) 


High impedance 
(input mode) 
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PIN INPUT/OUTPUT CIRCUITS 


Following are schematics of the input/output circuits of the pins of the uPD17 108. 


(1) POA, POC, and POD 


VDD 
oe P-ch 
IN/OUT 
output N-ch 
disable 
VDD 
P-ch 
N-ch 
(2) POBo and POB: 
VoD 
t 
| 
| 
Pull-up resistor 
(mask-selected) 
| 
IN/OUT 
data N-ch 
output 
disable 
VDD 
P-ch 
N-ch 
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(3) POB, and POB, 


uPD17108 


Pull-up resistor 
(mask-selected) 


IN/OUT 


data 


output 
disable 


(4) RESET 


Pull-up resistor 
(mask-selected) 
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1. PROGRAM COUNTER (PC) 


1.1 FORMAT OF THE PROGRAM COUNTER (PC) 
The program counter is a 9-bit binary counter formatted as shown in Fig. 1-1. 


Fig. 1-1 Format of the Program Counter 


| nd 


9 bits 


12 FUNCTIONS OF THE PROGRAM COUNTER (PC) 

The program counter specifies the address of a program memory (ROM) or a program. 

Usually, every time an instruction is executed, the program counter is incremented by one. When a branch 
instruction (BR), a subroutine call instruction (CALL), or a return instruction (RET) is executed, the address 
specified inthe operand is loaded inthe PC. Then the instruction inthe address is executed. When a skip instruction 
is executed, the address of the instruction next to the skip instruction is specified irrespective of the contents of 
the skip instruction. If the skip conditions are satisfied, the instruction next to the skip instruction is regarded as 
a No Operation (NOP) instruction. So, the NOP instruction is executed and the address of the next instruction is 
specified. 
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2. STACK 
Stack of the uPD17108 is a register in which the return address of a program is saved when a subroutine call 


instruction is executed. One level of address stack is provided. 
Fig. 2-1 shows the relationship between PC, stack, and instructions. 


Fig. 2-1 Relationship between PC, Stack, and Instructions 


ne [ree [vo [vo [vs [rm [ro [er [re [ro 
RET 
RETSK 
CALL 


BR, CALL 


In Fig. 2-1, AHn, AMn, and ALn (n = 0 to 3) indicate bit positions in a 16-bit instruction as follows: 
Fig. 2-2 Format of a 16-Bit Instruction 
MSB LSB 


Instruction | FH EH DH CH BH AH 9H 8H 7H 6H 5H 4H 3H 2H 1H OH 


t t t t t t t f. t t t 


Operation code AH2 AH1 AHO AM3 AM2 AM1 AMO AL3 AL2 ALI ALO 
ee ee ee 
Operand 


When the assembler (AS17K) is not used and a BR or CALL instruction is used, AH2 and AH1 must be 
set to 0. 

Sn (n = 0 to 8) denotes a stack. 

RESET signal input clears all bits of the program counter to 0. 
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3. PROGRAM MEMORY (ROM) 


Fig. 3-1 shows the configuration of program memory (ROM). 

The program memory consists of 512 words by 16 bits. 

The program memory is addressed in units of 16 bits and it ranges from addresses 000H to 01FFH. Each address 
is specified by the program counter (PC). 

Since an instruction consists of 16 bits (one word), the instruction is stored at one address of the program 
memory. 

Address 000H is assigned to a reset start address. 


Fig. 3-1 Program Memory Map 


16 bits 


OOOH 


512 words 


O1FFH 
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4. DATA MEMORY (RAM) 


The data memory stores data of arithmetic/logic and control operations. Data can be always written to or read 
from it by means of instructions. 


4.1 FORMAT OF THE DATA MEMORY (RAM) 

Fig. 4-1 shows the format of the data memory (RAM). 

The data memory is configured in units of 4 bits, or “1 nibble,” and an address is assigned to each 4-bits of 
data. The 3 high-order bits are called the “row address,” and the 4 low-order bits are called the “column address.” 

According to its functions, the data memory is divided into 3 blocks as shown below: general-purpose data 
memory, port register, and system register. 


Fig. 4-1 Data Memory Map 


Column address — 
(@] 1 2 3 4 5 6 7 8 9 A B C D E F 


< (6) General-purpose data memory (general register) 
ow 


address 


| 
7 Port register System register 


4.1.1 Functions of the general-purpose data memory 

The general-purpose data memory isa part of the data memory from which the system register (SYSREG) and 
port register are excluded. By executing a data memory manipulation instruction, a 4-bit arithmetic operation and 
comparison, evaluation, and transfer between data on data memory and any immediate data can be executed with 
a single operation. 


4.1.2 Functions of the general register 

The general register indicates any identical row address (16 nibbles) in the data memory specified in the 
register pointer (RP) in the system register. Since the ,PD17108 register pointer is always set to 0, the general- 
purpose data memory is also used as a general register. The general register can operate or transfer data to and 
from the data memory. 


4.1.3 Functions of the port register 

The port register is used to set output data or to read the input data of input/output ports. 

Once data is written to the port register corresponding to a port, the portis set as an output port and continues 
to output the value unless the value is rewritten. Whenever a read instruction is executed for a port register, the 
read data indicates the states of the pins, not the value of the port register, regardless of whether the pins are in 
the input or output mode. 


4.1.4 Functions of the system register 


The system register controls the CPU. The program status word (PSW) is the only system register existing in 
the uPD17108. 
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Fig. 4-2 System Register iviap 


Bit 0 at address 7EH and the high-order three bits at address 7FH are assigned to the program status word. 

The BCD flag is mapped in bit 0 at address 7EH, the CMP flag is mapped in bit 3 at address 7FH, the carry (CY) 
flag is mapped in bit 2 at address 7FH, and the zero (Z) flag is mapped in bit 1 at address 7FH. 

The high-order three bits at address 7EH and bit 0 at address 7FH are always set to 0. 
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Fig. 4-3 Format of the Program Status Word 


Address 7EH Address 7FH 
BITO BIT3 BITO 


Set to 0 when: 
e An arithmetic operation generates a result of 
zero if CMP = 0. 


Zero ¢ An arithmetic operation generates a result of 
flag zero and Z = 1 if CMP = 1. When the Z flag is 
(Z) already 0, it remains unchanged. 
Reset to 1 when: 
¢ An arithmetic operation generates a result 
other than zero. 
Set to 0 when: 
e An addition produces a carry or a subtraction 
produces a borrow. 
Carry ¢ The LSB of the operand in the RORC 
flag instruction is 1. 
(CY) Reset to 1 when: 


¢ Neither a carry nor borrow is produced. 
¢ TheLSB of the operand in the RORC 
instruction is 0. 


If this flag is set, the result of an arithmetic 
operation is not stored in memory or general 
registers. The flag is automatically reset by 

executing the SKT or SKF instruction. 


Compare 
flag 
(CMP) 


BCD If this flag is set, arithmetic operations are 
flag performed in decimal, and if this flag is reset, 
(BCD) arithmetic operations are performed in binary. 


Comparison instructions (SKE, SKNE, SKGE, or SKLT) do not change the state of the CY flag, but an 
arithmetic operation may affect the CY flag according to the result even if the CMP flag is set. 

Each bit of the program status word is initialized to 0 when a reset signal is applied. 

The Z flag in the program status word changes according to the set value of the CMP flag as listed in 
Table 4-1. 
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Table 4-1 Change in Z Flag 


Z flag value 
Condition 
CMP =0 CMP =1 


med 
Memory manipulation sets the Z flag to 0. wi 
Memory manipulation sets the Z flag to 1. oa 


Arithmetic operation results in a non-zero value. 


Arithmetic operation results in 0. 


Z2n-1: The Z flag value presents immediately before arithmetic operation 


While CMP is 1, if an arithmetic operation results in OH when the value of the Z flag is 1, the Z flag does not 
change. If an arithmetic operation results in other than 0H, the Z flag is reset to 0 and remains intact even when 
a second arithmetic operation results in OH. 

After the CMP and Z flags are set to 1, subtraction and comparison are performed several times. Then, if the 
Z flag still indicates 1, all of the comparison operations showed a match, resulting in 0. If the Z flag is 0 after the 
comparison operations, a mismatch occurred in at least one comparison operation. 
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5. ARITHMETIC AND LOGIC UNIT (ALU) 


The arithmetic and logic unit (ALU) performs arithmetic operations, logical operations, bit tests, comparisons, 
and rotations on 4-bit data. 


5.1 ARITHMETIC OPERATIONS 

Arithmetic operations are performed on binary or decimal data. If the BCD flag in the program status word is 
1, the ALU operates on decimal data, and if the flag is 0, it operates on binary data. 

If an addition produces a carry or if a subtraction produces a borrow, the carry (CY) flag is set to 1. If neither 
a carry nor borrow is produced, the flag is reset to 0. 

If an arithmetic operation results in zero, the zero (Z) flag is set to 1. Otherwise, the flag is reset to 0. 


(1) Binary operation 
If the result of a binary arithmetic operation is greater than 15 (1111B), a carry is made. If it is less than 
zero, a borrow is made. In either case, the CY flag is set to 1. 

(2) Decimal operation 
If the result of a decimal arithmetic operation is greater than 9 (1001B), a carry is made. If it is less than 0, 
a borrow is made. In either case, the CY flag is set to 1. 
Decimal operations are allowed if one of the following results is generated. If the result of a decimal 
operation does not fall into these ranges, the CY flag is set to 1, and a result greater than or equal to 10 
(1010B) is produced. 
1. Addition must generate a result from 0 to 19. 
2. Subtraction must generate a result from 0to9or -10to -1. 


5.2 LOGICAL OPERATIONS 
Logical operations include ANDing, ORing, and XORing. 


5.3 OTHER OPERATIONS 
The ALU enables bit testing, comparison, and data rotation. 
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6. PORTS 


6.1 PORT 0A (POAc to POAs) 

Port 0A is a 4-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 70H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data is written to the port register, all pins of the port 
POA are placed in the output mode to continue to output written data. The data is retained unless new data is 
written to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 


6.2. PORT 0B (POBo/RLSnatt, POB1/RLSstop, POBz, POB3) 

Port OBis a 4-bit input/output port. Only N-ch open-drain outputs appear on the pins of port 0B. The N-ch open- 
drain output mode allows application of 9 V, so it can be used for interfacing with a circuit operating on a different 
power supply voltage. 

Input and outputare set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 71H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data is written to the port register, all pins of port POB 
are placed in the output mode to continue to output written data. The data are retained unless new data is written 
to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 

The port register for port Bconsists of four bits but its highest bit is always set to 0. This means that if an attempt 
is made to write datato the highest bit of 71H, the dataisinvalidated and if an attemptis madeto read it, 0is always 
returned. 

When the uPD17108 is in the HALT or STOP mode, POBo and POB: function as pseudo interrupt pins to release 
the HALT and STOP modes. (Refer to Section 8). 


6.3. PORT OC (P0Co to POCs) 

Port OC is a 4-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and outputare set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 72H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data is written to the port register, all pins of the port 
POC are placed in the output mode to continue to output written data. The data is retained unless new data is 
written to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 
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6.4 PORT 0D (PODo to PODs) 

Port 0D is a 4-bit input/output port. CMOS (push-pull) outputs appear on these pins. 

Input and output are set in units of nibbles. The input mode is set at reset, and the output mode is set by writing 
data to the port register in address 73H of the data memory. The output mode is maintained until the system is 
reset. 

Output to the port is executed via the port register. Once data is written to the port register, all pins of the port 
POD are placed in the output mode to continue to output written data. The datais retained until new datais written 
to the register. 

Whenever the port register is read, the read data indicates the states of the pins, not the contents of the port 
register, regardless of whether the pins are in the input or output mode. In this case, the contents of the port 
register remain unchanged. 


Fig. 6-1 Port Register Map 


Column address 


System register 


Address 


Bit symbol 


6.5 RECOMMENDED CONDITIONS FOR UNUSED 1PD17108 PINS 
To prevent malfunction, process unused input/output pins as shown below. 


Table 6-1 Recommended Conditions for Unused Pins 


Input/ 
output mode 


Ports A, B, C, and D Connect to Voo or GND. 


Recommended connection 


N-ch open-drain port 
(port B) 


CMOS ports (ports A, C, D) 
Output mode 
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7. STANDBY FUNCTIONS 


The uPD 17108 provides two standby modes, the HALT mode and the STOP mode. 


7.1. HALT MODE 

The HALT mode stops the program counter (PC) while allowing the system clock to continue operating. The 
HALT mode can be entered with the HALT instruction, and can be released by a reset signal (RESET) or input to 
the POBo pin. When the HALT mode is released by input to the POBo pin, the next instruction after the HALT 
instruction is executed without waiting for stable oscillation of the system clock. 

When the HALT mode is released forcibly by the reset signal (RESET), normal system reset occurs, and 
execution starts at address 0H. 


7.2 STOP MODE 

The STOP mode stops oscillation of the system clock so that data can be retained at low voltage. The STOP 
mode can be entered with the STOP instruction, and can be released by a reset signal (RESET) or input to the POB: 
pin. When the mode is released by input to the POB: pin, execution starts with the next instruction after the STOP 
instruction. 

When the STOP mode is released forcibly by the reset signal (RESET), normal system reset occurs, and 
execution starts at address OH. 


7.3. SETTING AND RELEASING THE STANDBY MODES 

(1) Setting and releasing the HALT mode 
The conditions for releasing the HALT mode can be selected with the least significant bit of the operand 
in the HALT instruction. The high-order three bits of the operand must be set to 0. 


Table 7-1 Setting and Releasing Conditions Specified in the HALT Instruction 


HALT 000XB <— 4-bit data in the operand 


Conditions for setting/releasing the HALT mode 


Executing the HALT instruction enters the HALT mode unconditionally. 
The mode can be released only by the reset signal (RESET). After the mode is released, instructions 
are executed starting at address 0H. 


If POBO is 1, executing the HALT instruction does not enter the HALT mode. 

Application of the reset signal (RESET) releases the HALT mode. After the mode is released, 
instructions are executed starting at address OH. The rising edge of an input signal on the POBo pin 
also releases the HALT mode. In this case, execution starts with the next instruction after the HALT 
instruction. 


; If POBO is 0, executing the HALT instruction enters the HALT mode. 


(2) Setting and releasing the STOP mode 
Conditions to release the STOP mode can be selected with the least significant bit of the operand in the 
STOP instruction. The high-order three bits of the operand must be set to 0. 
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Table 7-2 Setting/Releasing Conditions Specified in the STOP Instruction 


STOP 000XB < 4-bit data in the operand 


Conditions for setting/releasing the STOP mode 


Executing the STOP instruction enters the STOP mode unconditionally. 

All peripheral circuits are placed in the same initial state as when the system is reset, then they 
stop operating. 

Only the reset signal (RESET) can release the STOP mode. After the mode is released, instructions 
are executed starting at address 0H. 


If POB1 is 0, executing the STOP instruction enters the STOP mode. 

If POB1 is 1, executing the STOP instruction does not enter the STOP mode. 

Application of the reset signal (RESET) can release the STOP mode. 

After the mode is released, instructions are executed starting at address 0H. 

The rising edge of the signal applied to the POB: pin can also release the mode. In this case, 
execution starts with the next instruction after the STOP instruction. 


7.4 TIMING FOR RELEASING THE STANDBY MODES 


Fig. 7-1 Releasing the HALT Mode by RESET Input 


HALT 
instruction 
Operation | 
mode HALT mode * Operation mode 
Oscillation 
Clock ere 


When the RESET signal is applied to release the HALT mode, the RESET input makes a transition from lowto 
high, then an operation mode is entered. 


* The HALT mode remains effective in this period, waiting for the operation mode. 
At least eight clock pulses on the OSC: pin cause operation to start. 


Fig. 7-2 Releasing the HALT Mode by Interrupt 


HALT 


ee ee 
Standby-release 
signal (POBg) Operation | 
mode HALT mode Operation mode 


Oscillation 
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Fig. 7-3 Releasing the STOP Mode by RESET Input 


STOP 
instruction 


RESET es ee 


Operation 
mode 


STOP mode HALT mode 


Oscillation 
stopped 


As soon as the RESET input makes a transition from high to low in the STOP mode, the system clock starts 
generating clock pulses. 


Operation mode 


Oscillation Oscillation 


Clock 


* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the OSC: pin cause operation to start. 


Fig. 7-4 Releasing the STOP Mode by Interrupt 


STOP 
instruction 
Standby release ee eee ee 
signal (POB,) Operation STOP 
mode instruction Operation mode 


Oscillation 
stopped 


* The HALT mode remains effective in this period, waiting for the generation of clock pulses to stabilize. 
At least eight clock pulses on the OSC: pin cause operation to start. 


Oscillation Oscillation 


Clock 
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8. RESET FUNCTION 
8.1 HARDWARE STATE AT RESET 


A low-active reset signal applied to the RESET pin sets the hardware states as listed below. A transition from 
low to high on the RESET pin releases the reset state. ‘2 


Table 8-1 Hardware after Reset 


Program counter 
OH to OFH Data present before reset is retained. 


Bit 0 at 7EH 
Bits 3 to 1 at 7FH 


Program status 
word (PSW) 


All 0s 


Data present before reset is retained. 
All pins are placed in the input mode. 


Ports 0A to 0D 70H to 73H 
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9. ASSEMBLER RESERVED WORDS 


9.1 MASK OPTION PSEUDO INSTRUCTIONS 
Source programs in the assembly language for the uPD17108 must include mask option pseudo instructions 
to select mask options. To do this, be sure to catalog the D17108. OPT file in AS17108 (device file for uPD 17108) 
into the current directory beforehand. 
Options must be mask-selected for the following pins: 
e POBo 
e POB: 
e POB2 
e POBs 
e RESET 


9.1.1 OPTION and ENDOP pseudo instructions 

The part starting with the OPTION pseudo instruction and ending with the ENDOP pseudo instruction is 
referred to as a mask option definition block. 

The coding format of the mask option definition block is shown on the next page. 

Within this block, the mask option definition pseudo instructions listed in Table 9-1 can be coded. 


Format 
Symbol Mnemonic Operand Comment 
[ label: ] OPTION [; comment } 
ENDOP 


9.1.2 Mask option definition pseudo instructions 


Table 9-1 lists the mask option definition pseudo instructions corresponding to each pin. 


Table 9-1 Mask Option Definition Pseudo Instructions 


Number of 
Mask option pseudo instruction Operand name 
operands 
POBsto POBo OPTPOB POBPLUP (with pull-up resistor) 
OPEN (without pull-up resistor) 


The coding format of OPTPOB is shown on the next page. The operands POBs, POBz, POB1 and POBo are defined 
in this order. 


RESPLUP (with pull-up resistor) 
OPEN (without pull-up resistor) 
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Format 
Symbol Mnemonic Operand Comment 
[ label: } OPTPOB (POB3), (POBz), (POB1), (POBo) [; comment] 


The coding format of OPTRES is shown below. 


Format 

Symbol Mnemonic Operand Comment 

{ label : ] OPTRES (RESET) [ ; comment] 
Example: 


To set the following mask options in a u.PD17108 source file to be assembled: 


POBs: Pull-up POB2: Pull-up POB1: Open POBo: Open 
RESET: Pull-up 


:17108 
Setting mask options: OPTION 
OPTPOB POBPLUP, POBPLUP, OPEN, OPEN 


OPTRES RESPLUP 
ENDOP 
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9.2 RESERVED WORDS 


Table 9-2 lists the reserved words defined in the uPD17108 device file (AS17108). 


Table 9-2 Reserved Words 


a ee 
Ta | arone | rnin | et2atsenon 
[aa erm [atone eros 
Tas fe 
rar 


a a 
rie | ova | rena | aractemnae 
a 
[ie [arms | reais | ar atrnoo 
[ric [era | rain | ataotoena 
re | orma | raw | erateona 
0 [me | arene | rendinie | scoaitmetctog 
w [wen 
fe 
re 
[ae 
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10. INSTRUCTION SET 


10.1 INSTRUCTION SET LIST 
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10.2 INSTRUCTIONS 


Legend: 

M : One of data memory n : Bit position : 4 bits 
m  : Data memory address specified by [my m ,] of each bank addr : One of program memory address ; 11 bits 
my : Data memory address high (row address) ; 3 bits ay : Program memory address high ; 3 bits 
m, : Data memory address low (column address) ; 4 bits ay: Program memory address middle ; 4 bits 

R : One of general register specified by [(RP). r] a, : Program memory address low ; 4 bits 

r : General register address low (column address) ; 4 bits CY : Carry flag 
RP : General register pointer CMP : Compare flag 

PC : Program counter s : Stop release condition 

SP : Stack pointer h : Halt release condition 

STACK — : Stack specified by (SP) { ] : Address of M,R 

i : Immediate data ; 4 bits ( ) : Contents of M,R 


< 
4A 


rand 


monic 


Machine code 
Function Operation Op 3 4 4 
code | bits} bits | bits 


CMP +0 
skip if M,=all “1° 


CIEE 


[ale|alale 


: 


e/ 2/2] 8 
= 1. * 


HUHUHUHOE 


ic] 


= 


22) 
| & |e 
r=) z 


Logical operation 


Oo 
—_ 
i=] 
Ss 


Test memory bits, 


then skip if all bits specified are true 


CMP +0 
skip if M,=all “0” 


Test memory bits, 


YN 
= 
3 
Ez 
e 


rT 


then skip if all bits specified are false 
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Jump to the address 


SP+(SP) -1 
STACK=+((PC) +1), 
PC+-ADDR 


Rotate register right with carry 


Subroutine 


and skip 


HALT Halt the CPU,restart by condition h HALT 


Miscellaneous 
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11. ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (T. = 25 °C) 


Supply Voltage Voo 
POA, POC, POD -0.3 to +7.0 V 
Input Voltage Vi -0.3 to Voo+0.3 V 
POB (*1) -0.3 to Voo+0.3  V 
Output Voltage Vo (*2) -0.3 to +11 V 
POA, POC, POD, RESET -0.3 to Voo+0.3  -V 
High-Level lou (*1) -0.3 to Voot+0.3  V 
Output Current POB (*2) -0.3 to +11 V 
Low Level lon Each of POA, POB, POC, POD 5 mA 
Output Current Total of all pins -15 mA 
30 mA 
Operating Torr Each of POA, POB, POC, POD 100 mA 
Temperature Total of all pins -40 to +85 oo 
Storage Ten -65 to +150 ~“¢ 
Temperature 
-pi j 400 
Power Py Ta = 85°C 22 Bin shrink DIP mW 
Consumption 24-pin SOP 250 


*1 N-ch open-drain input/output and input/output with a pull-up resistor provided 
*2 N-ch open-drain input/output 


CAPACITANCE (T. = 25 °C, Voo = 0 V) 


CHARACTERISTICS SYMBOL CONDITION 
N 


Pos | oe [revi 


' OV for pins other than pins to be 
re measured 
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DC CHARACTERISTICS (T, = -40 to + 85 °C, Voo = 2.5 to 60 V) 


CHARACTERISTICS 


High-Level 
Input Voltage 


Low-Level 
Input Voltage 


High-Level 
Output Voltage on 
POA, POC, and POD 


Low-Level Output 
Voltage on POA, POB, 
POC, and POD 


High-Level Input 
Leakage Current 
on POA to POD 


Low-Level Input 
Leakage Current 
on POA to POD 


High-Level Output 
Leakage Current on 
POA to POD 


Low-Level Output 
Leakage Current on 
POA to POD 


Resistor Provided 
for Input Pin 


* 3 When N-ch open-drain input/output is selected 
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Other than the following pins 
and port 


Other than the following 
pins and port 


Voo = 4.5 to 6.0 V, 
lon = -2 mA 


lon = -200 yA 


Voo = 4.5 to 6.0 V, 
lo. = 15 mA 


uPD17108 


CHARACTERISTICS | SYMBOL UNIT | MIN. | CONDITION 


a Voo=5V + 10% 


fec = 1.9 MHz + 20% 
*4 This current excludes the current which flows through the built-in pull-up resistors. 


Operation 
mode 


Voo=3V + 10%, 
fee = 250 KHz + 20% 


Power Supply 


Current *4 Voo=5V +10%, 


fec = 1.0 MHz + 20% 


Voo = 3V+10%, 
fec = 250 kHz + 20% 


STOP Voo=5V +10% 
mode Voo=3V +10% 


CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE 
IN THE STOP MODE (T. = — 40 to +85 °C) 


CONDITION 


Vooor = 2.0 V 


MAX. | UNIT CONDITION 


Vooo = 4.5 to 6.0 V 


CHARACTERISTICS SYMBOL 


Internal Clock Cycle Time 

High/Low Level Width on TpsH 
POBo and POB: TPet 
High/Low Level Width on TrsH 
RESET Trst 


i: 


rie 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The wPD17P107 is a tiny microcontroller composed of a ROM with 1K-byte capacity, a RAM with 16-word 
Capacity and 11 1/O ports. It is a product developed by replacing the on-chip mask ROM of the yPD17107 
with the one-time PROM. 

The uwPD17P107CX, which is writable only once, and the wPD17P107GS are available. They are 
convenient for evaluating or producing in small quantities the yPD17107. 

Very efficient programming is possible due to the wPD17000 architecture incorporating the general- 
purpose register system, which allows the data memory to be manipulated directly, being adopted in the 
CPU. Every instruction is composed of 1 word of 16-bit length. 


FEATURES 
e puPD17107 compatible 
e Program memory (one-time PROM): 1K byte (512 words x 16 bits) 
e Data memory (RAM): 16 words x 4 bits 
e |/O ports: 11 ports (N-ch open-drain output 3 ports) 
e Instruction execution time: 128 ws (62.5 kHz) to 8 us (1 MHz) 
e Instruction types: 24 types (all 1-word instructions) 
e Stack levels: 1 level 
e Standby function available (by STOP, HALT instruction) 
e Data memory data retainable at low voltage (MIN. 2.0 V) 
e With on-chip system clock oscillator (only resistor externally provided) 
e Operating supply voltage: 2.5 to 6.0 V (at 250 kHz) 
4.5 to 6.0 V (at 1 MHz) 


APPLICATIONS 
e Electronic control of home electric appliances, TOY, etc. 


ORDERING INFORMATION 


Order Code Package 
uPD17P107CX 16-pin plastic DIP (300 mil) 
uPD17P107GS 16-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 


uPD17P107CX/pPD17P107GS 


OSC1 GND 
OSCo/MD3 POB2/MD2 
RESET / Vee POB1/RLSstorP/MD1 
PODo/Do POBo/RLSHALT/MDo 
P0D1/D1 P0C3/D7 
POD2/D2 POC2/De 
POD3/D3 P0C1/Ds 
Vop POCo/D4 
16 Pin Plastic DIP 
16 Pin Plastic SOP 
BLOCK DIAGRAM 
System Clock © OSCo 
Generator © OSC1 
CPU CLK CLK STOP 
N-ch open drain RAM 
POBO/RLSHALT/MDo aes 
POBY/RLSstor/MD1 © PoB K_} 
POB2/MD2 © 
POCo/Ds . CMOS 
POC1/Ds ¢ 
POC2/Ds 9 poc f_) = 
POC3/D7 
pBaB gol 
U1 0 
roby Sama] oo |) 
POD3/D3 © 


RESET /Vpp O——> 


Vopd o——> 


GND ~ 


(7) Program Counter, 
(Stack 1 x 9 bits 
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PIN FUNCTIONS 


uPD17P107 


PIN FUNCTION LIST 
e Port pins 


Input/ | Dual-Function Program Memory 
Output | Pin Write/Verify Mode 
Input/ RLSwaLr | MDo N-ch open-drain Mode setting High imped- 
Output 4-bit input/ Adak ance (input 
rn, | ate [mos] San ve 
Mp (Port OB) releasing 


POBz2 


Input/ CMOS (push-pull) 4-bit 8-bit data input/ | High imped- 
input/output port output pin ance (input 
(Port OC) (high-order 4 mode) 


bits) 


CMOS (push-pull) 4-bit 8-bit data input/ | High imped- 
input/output port output pin (low- | ance (input 
(Port OD) order 4 bits) mode) 


e Other than port pins 


Input 
Output 


Pe | 


Dual- 
Function 


Write/Verify Mode 
[rete por on Petre pm in 88 
eC 


Program memory address 
update 


System clock oscillation 
resonator connection pin 
System clock oscillation 
resonator connection pin 


Mode setting pin 
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PIN INPUT/OUTPUT CIRCUITS 


The wPD17P107 pin input/output circuit diagrams are shown below. 


(1) POC, POD 


Vpp 
data P-ch 
IN/OUT 
output N-ch 
disable 
Vpb 
P-ch 
N-ch 
(2) POBo, POB: 
IN/OUT 
data N-ch 
output 
disable 


Vpo 


2-380 


NV. E C uPD17P107 


(3) POBz 
IN/OUT 
data 
N-ch 
output 
disable 
Vpp 
P-ch 
N-ch 
(4) RESET 
IN 
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9. DIFFERENCES BETWEEN wuPD17P107 AND uPD17107 


The uPD17P107 is a product developed by replacing the program memory of the wPD17107 with the on- 
chip mask ROM with the one-time PROM. These 2 models have the same CPU functions and on-chip 
hardware with the only difference being the program memory and the mask option. Table 9-1 shows the 
differences between the ywPD17P107 and yuPD17107. 


Table 9-1 Differences between uPD17P107 and uPD17107 
512 x 16 bits 
POBo to POB2 pin pull-up 


uPD17107 


Mask ROM 
512 x 16 bits 


Mask option 
resistor 


RESET pin pull-up resistor Not available 
Connection pin Vee pin, run mode Ver pin, run mode selection 
selection pin available pin not available 
Input power 2.5 to 6.0 V (at 250 kHz) 
4.5 to 6.0 V (at 1 MHz) 
Package 16-pin DIP 
16-pin SOP 
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10. ONE-TIME PROM (PROGRAM MEMORY) WRITE AND VERIFY 


uPD17P107 


The uPD17P107’s on-chip program memory is a 512 x 16-bit one-time PROM. 
To write/verify this one-time PROM, the pins shown in the table below are used. No address input is 
available. Instead, a system to update the address by the clock input via the OSC: pin is adopted. 


a 


Vpp Voltage impression pin at program memory write/verify 


OSCi Address updating clock input pin at program memory write/verify 


Input pin at program memory write/verify. Used as run mode 
selection pin. 


8-bit data input/output pin at program memory write/verify 


10.1 RUN MODE AT PROGRAM MEMORY WRITE/VERIFY 


The yPD17P107 assumes the program memory write/verify mode if +6 V is impressed to the Voo pin and 
+12.5 V is impressed to the Ver pin after the reset status (Vpo = 5 V, RESET = 0 V) assumed for a certain 
period of time. In that mode, the following run mode is entered according to the MDo to MDs pin setting. 
All the remaining pins are at the GND potential by the pull-down resistor. 


Run Mode Setting 


Vpp 


+12.5 V +6 V Program memory address 0 clear 


Write mode 


Program inhibit mode 


x: LorH 


10.2 PROGRAM MEMORY WRITING PROCEDURE 


The program memory writing procedure is shown below. High-speed write is possible. 
(1) Pull down the pins not to be used to GND via the resistor. The OSC: pin at the low level. 
(2) Supply 5 V to the Voo pin. The Ver pin at the low level. 
(3) Wait 10 ws and then supply 5 V to the Ver pin. 
(4) Set the mode setting pin to the program memory address 0 clear mode. 
(5) Supply 6 V to Voo and 12.5 V to Ver. 
(6) Assume the program inhibit mode. 
(7) Write data in the 1-ms write mode. 
(8) Assume the program inhibit mode. 
(9) Assume the verify mode. If written, go to (10). If not, repeat (7) to (9). 


2-383 


uPD17P107 NV E C 


(10) Additionally write (number of times written in (7) to (9): X) x 1 ms. 

(11) Assume the program inhibit mode. 

(12) Update (+1) the program memory address by inputting a pulse to the OSC: pin 4 times. 
(13) Repeat (7) to (12) up to the last address. 

(14) Assume the program memory address 0 clear mode. 

(15) Change the Vpo, Ver pin voltage to 5 V. 

(16) Power off. 


10. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


(8) 
(9) 


The above procedure of (2) to (12) is shown in the diagram below. 


Repeat X Times 
———um—- — 


Reset 


Write ——> Verify Additionally Address 
Write Increment 
| 
Vpp eel 
Vpp 
Vpb 
GND 
V Dn 
Voo ¥P * 1 , rr, 
Vpp 
GND 
OSC1 


Do to Dr —_ 

moo J Vf VS NLS 
MD1 / \ / 
| 1 a ae 
_ a. 


3 PROGRAM MEMORY READING PROCEDURE 


Pull down the pins not to be used to GND via the resistor. The OSC: pin at the low level. 

Supply 5 V to the Voo pin. The Ver pin at the low level. 

Wait 10 ys and then supply 5 V to the Ver pin. 

Set the mode setting pin to the program memory address 0 clear mode. 

Supply 6 V to Voo and 12.5 V to Vpr. 

Assume the program inhibit mode. 

Assume the verify mode. Output data sequentially 1 address at a time at intervals of 4 inputs when 
a clock pulse is input to the OSC: pin. 

Assume the program inhibit mode. 

Assume the program memory address 0 clear mode. 


(10) Change the Voo, Ver pin voltage to 5 V. 
(11) Power off. 


2-384 


NEC .PD17P107 


The above procedure of (2) to (9) is shown in the diagram below. 


VPP Pa ee eet 
Voo 
GND 


Vop + 1 er enn 
Vop 
Vop 
GND 


MDo / \ 7 ae 


MAD ep 


sibs ee es 
we of 


VppP 
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11. ASSEMBLER RESERVED WORDS 


Table 11-1 lists the reserved symbols defined in the wPD17P107’s device file (AS17107). 


Table 11-1 Reserved Symbol List 


PY) 


Value Description 


0.71H.0 R Port OB, bit 0 


Bs) 


0.71H.1 Port OB, bit 1 


Be) 


Port OB, bit 2 


Value “0” fixed 


Port OC, bit 0 
Port OC, bit J 


Port OC, bit 2 


0.72H.0 


0.72H.1 


Be 


R Port OC, bit 3 

; 
R/W Port OD, bit 3 
R/W Port OD, bit 2 
Port OD, bit 3 
BCD operation flag 
Program status word 
Zero flag 
Carry flag 
em 


*: POB3, which is not available in the wPD17P107, has been registered as a read only flag to be used as 
a dummy bit when using a built-in macro. 
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12. INSTRUCTION SETS 


12.1 INSTRUCTION SET LIST 
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12.2. INSTRUCTION LIST 


Legend 

M : One of data memory n : Bit position : 4 bits 
m _: Data memory address specified by [m,. m,] of each bank — addr : One of program memory address ; 11 bits 
m,, : Data memory address high (row address) ; 3 bits ay, : Program memory address high ; 3 bits 
m, : Data memory address low (column address) ; 4 bits ay : Program memory address middle ; 4 bits 

R : One of general register specified by [(RP), r] a, : Program memory address low ; 4 bits 

r : General register address low (column address): 4 bits CY : Carry flag 
RP: General register pointer CMP : Compare flag 

PC : Program counter Ss : Stop release condition 

SP : Stack pointer h : Halt release condition 

STACK _ : Stack specified by (SP) { ] : Address of M,R 


i : Immediate data : 4 bits ( ) : Contents of M,R 


Machine Code 
oe Function Operation Op = 
bie | Be | Be | Be 
oman wre ww Pw 
_ 10000 | mw | me | i | 


Add immediate data to memory M=+ (M) +1 


Add memory to register with carry R= (R) + (M) + (CY) 


Poe fas 
ee 
[im [sie meer tonsa fw oem oe | 
1 a ao 
pm 0 fom | mm | 
[Nt mt ne 
Lv AND er nd memis——*RAND O_o we | 
2 eC 
es Ota WOR Hwee | 

co 
oo 


2) 
skMh 


> 
S 


ies omasetea wens fae 


Test memory bits, CMP + 0 


a 


n 5 
4 


N 
Z 


SKE 
SKGE 
SKLT 


then skip if all bits specified are true skip if M,=all ~ 


Test memory bits, CMP - 0 
then skip if all bits specified are false skip if M,=all ~ 
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5 
i) 
& . 
n 
£ 
& 
Oo 
Cc 
© 
. 
& : 
t=, 
(op) 
© 
re 
eS 
3 
° sans 
Q y 
=) 
7) 
= 
0) 
i 
~_ 


Function 


Jump to the address 


Rotate register right with carry 


Call subroutine 


Return to main routine from subroutine 


Return to main routine from subroutine, then skip 


unconditionary 


Stop clock 


Halt the CPU,restart by condition h 


No operation 
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Operation 


PC—ADDR 


(CYI— CR) OCY 


SP—(SP) = 1 

STACK* ((PC) +1), 
PC+-ADDR 

PC= (STACK), SP*-(SP) +1 


PC—(STACK), SP—(SP) +1 


and skip 


No Operation 


uPD17P107 


Machine Code 


uPD17P107 


13. ELECTRIC CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (Ta 


Supply Voltage 

Supply Voltage 

Input Voltage 

Output Voltage 

High-level Output Amperage 
Low-level Output Amperage 
Operating Temperature 


Storage temperature 
Power Dissipation 


Vop 
Vpp 
Vi 
Vo 
lou 
lo 
Topt 


Tstg 
Pa 


CAPACITY (Ta = 25 i Vpoo = 0 V) 


25 °C) 


POC, POD, RESET 
POB 

POC, POD 

POB 

POB, POC, POD per pin 
Total for all pins 

POB, POC, POD per pin 
Total for all pins 


Ta = 85 °C 16 pin DIP 
16 pin SOP 
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—0.3 to +7.0 
-0.3 to +13.5 
0.3 to Voo +0.3 
—0.3 to +11 

0.3 to Von +0.3 
—0.3 to +11 


100 

—40 to +85 
-65 to +150 
400 

190 


f = 1 MHz, 0 V at other than 
measured pins 
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DC CHARACTERISTICS (Ta = —40 to +85 °C, Von = 2.5 to 6.0 V) 


CHARACTERISTICS | SYMBOL | eh np | CONDITION, 
ag er Po [oo = 


High-level Input 
Voltage 


Low-level Input 
Voltage 


aa POB, RESET 


V Voo = 4.5 to 6.0 V 


Voo = 4.5 to 6.0 V 
lo. = 15 mA 


POC, D 
High-level Output 
Voltage 


POB, C, D 
Low-level Input 
Voltage 


POB, C, D High-level 
Input Leak Current 


POB, C, D Low-level 
Input Leak Current 


POB, C, D High-level 
Output Leak Current 


POB, C, D Low-level 
Output Leak Current 


Voo = 5V+10% 
foc = 1.0 MHz +20 % 


Supply Amperage 


Voo = 3 V+10% 
fcc = 250 kHz +20 % 


Voo = 5V +10 % 
fcc = 1.0 MHz +20 % 
Voo = 3 V +10 % 
fec = 250 kHz +20 % 
p10 | A | STOP | Vo =5V +10 % 
mode 
5 LA Voo = 3 V +10 % 


*: If N-ch open-drain input/output selected. 
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LOW-SUPPLY VOLTAGE DATA HOLDING CHARACTERISTICS IN DATA MEMORY STOP MODE 
(Ta = —40 to +85 ‘C) 


CHARACTERISTICS | SYMBOL | MIN. | TYP. | MAX. UNIT CONDITION 
Data Holding Supply Vpppr V 

Voltage 

Data Holding Supply IDDDR LA Vooor = 2.0 V 
Amperage 

Release Signal Set tsret Ls 

Time 


AC CHARACTERISTICS (Ta = -40 to +85 °C, Vpop = 2.5 to 6.0 V) 


CHARACTERISTICS | SYMBOL | MIN. | TYP. | MAX. | UNIT CONDITION 
[| oe | m [rereteey 


Internal Clock Cycle 
Time 


POBo, POB:, 
High/Low Level 
Width 


RESET, High/Low TRSH ys 
Level Width TRSL 
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DC PROGRAMMING CHARACTERISTICS (Ta = 25 °C, Von = 6.0 +0.25 V, Ver = 12.5 +0.5 V) 


CHARACTERISTICS | SYMBOL Ce UNIT CONDITION 
Voltage 
= 


Pete | lest tees 


|| 


Low-Level Input 
Voltage 


Input Leak Current 


High-Level Output 
Voltage 


Low-Level Output 
Voltage 


NOTE 1: Ver must not be a minimum of +13.5 V including overshoot. 
2: Impress Voo before Ver and break it after Vpp. 


AC PROGRAMMING CHARACTERISTICS (Ta = 25 °C, Voo = 6.0 +0.25 V, Vpp = 12.5 +0.5 V) 
[eames Toro = Tom [ nwa wer [conor 
Address Set-Up Us 

Time *2 (for MDO J) 


MD1 Set-Up Time 
(for MDO J) 


Data Set-Up Time 
(for MDO J) 


Address Hold Time *2 
(for MDO 7) 


Data Hold Time tox tox 2 Us 

(for MDO 7) 

Veep Set-Up Time tves tves 
(for MD3 7) 


Voo Set-Up Time 
(for MD3 T) 


Initial Program Pulse 
Width 
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CHARACTERISTICS SYMBOL /1 | min. | Typ. | MAX. UNIT CONDITION 
Additional Program torw ms 
Pulse Width 
MDO Set-Up Time tmos tces 2 us 
(for MD1 7) 


Delay Time 


MD1 Hold Time twin toen 2 us tuin + turn > 50 ps 
(for MDO 7) 

MD1 Recover Time tmir tor Us 

(for MDO J) 

Program Counter Reset|  trcr Us 

Time 

OSC: Input High/Low tx, 0.42 Ls 

Level Width txt 


fosc 


Initial Mode Set Time ti 


MD3 Set-Up Time 
(for MD1 7) 


tm3s 


MD3 Hold Time 


tm3H 


(for MD1 J) 
MD3 Set-Up Time tm3sr At program memory 
(for MDO J) read 


Address *2 — Data toap 
Output Delay Time 


tacc 


” ” ” ” ” 


At program memory 

read 

130 At program memory 
read 


At program memory 
read 


Address *2 — Data tHap ton 
Output Hold Time 


—_ 
No 


MD3 Hold Time tm3HR 
(for MDO 7) 


— 
77) 


” 


MD3 J—> Data Output torr 


Float Delay Time 


*1: A symbol of the corresponding pPD27C256. 
*2: The internal address signal is incremented (+1) at the 3rd OSC: input falling and is not connected to 


At program memory 
read 


Reset Set-Up Time 


n 


a pin. 
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PROGRAM MEMORY WRITING TIMING 


tres 


Vee VPP 
Vpb 


GND —=— tvos 
Vop + 1 } 
Vop Vop 


GND 
OSC1 


Do to D7 f a 


ti 
Fe tir | tas topw 


MDa \ | 


MDo 


MD1 


ae tusx 
MDs | penemeertetennemsmrsning 


VPP 
VpP 
Vpp 


GND 


Vop + 1 f ——_———_ 
Vop 
Vob boi 
GND 
OSC1 


ba toao 


8 trap 
~ 


Do to D7 


tov | 
t tuaur 


MDo 


MD1 


MD2 
MDs 
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4-BIT SINGLE CHIP MICROCONTROLLER 


The uPD17P108 is a tiny microcontroller consisting of a 1K-byte ROM, 16-word RAM, and 16 input/output 
ports. It is a one-time PROM version of the uPD17108, whose internal mask ROM is replaced with a one-time 
PROM. 

Two uPD17P108 models are available: uPD17P108CS and wPD17P108GS, which allow a program to be 
written only once. They are suitable for evaluation of 4PD17108 and for small-scale production. 

The 17K architecture of the CPU uses general registers so that data memory can be manipulated directly for 
effective programming. Every instruction is 1 word long, consisting of 16 bits. 


FEATURES 

e Compatible with the wPD17108 

e Program memory (one-time PROM) : 1K bytes (512 words x 16 bits) 

e Data memory (RAM) : 16 words x 4 bits 

e Input/output ports : 16 ports (including four N-ch open-drain outputs) 
e Instruction execution time : 128 ps (62.5 kHz) to 8 ys (1 MHz) 

e Number of instructions : 24 (Each instruction is 1 word long.) 

e Stack level od 


e A standby function is supported (with the STOP and HALT instructions). 
e Data memory can retain data on low voltage (2.0 V at minimum). 
e An oscillator is included for the system clock. (Only resistors are mounted externally.) 
e Operating supply voltage : 2.5 to 6.0 V (at 250 kHz) 
4.5 to 6.0 V (at 1 MHz) 


APPLICATIONS 


e Controlling electric appliances or toys 


ORDERING INFORMATION 


Order Code Package 
uPD17P108CS 22-pin plastic shrink DIP (300 mil) 
HPD17P108GS 24-pin plastic SOP (300 mil) 
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PIN CONFIGURATION (Top View) 


POA3 o 
POA: ° © Vop 
NC 0 POA2 NC ° 
P0Co/Da © > POA; POCo/Da o 
POC1/Ds 0 a POAo POC1/Ds o 
POC2/De 7 - POD3/Ds POC2/De o 
POC3/D7 - 0 POD2/D2 POC3/D7 o 
POBo/RLSnatt/MDo © © POD1/D1 NC ° 
POB1/RLSstoP/MD; o > PODo/Do POBo/RLSuHait/MDo © 
es p . 
POB2/MD2 o RESET/Vee 0B1/RLSstoe/MD1 
POB3 ° © OSC: POB2/MD>2 ° 
GND ° © OSCo/MDs POBs ° 
GND o 
22-pin plastic shrink DIP 24-pin plastic SOP 
BLOCK DIAGRAM 
System Clock 
Generator 0 OSC: 
CPUCLK  CLKSTOP 
CMOS 
ra 
10 
PAs ro fr 
POA3 © 


N-ch open drain 


POBo/RLSuait/MDo 
POB:/RLSstoe/MD; 
POB2/MDz2 

PODs3 


POCo/Da 
POC1/Ds 
POC2/De 
POC3/D7 


PODo/Do 
POD;/D: 
POD2/Dz2 
POD3/D3 


RESET/Vee o-—— 


Voo Oo— 


GND a: 


RAM 
16 x 4 bits 


rf 


512 x 16 bits 


a 
(Prosencome] 
iE 

() [ea 908] 
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PIN FUNCTIONS 
Pin Functions 
e Port pins 


When writing to 
program memory 
or verifying its 
contents 


Dual function pin When reset 


High imped- 
ance (input 
mode) 


CMOS (push-pull) 4-bit input/out- 
put port (port 0A) 


| RLSwar | MDo N-chopen- | For the HALT 


Input/ drain 4-bit | modereleasing Mode selection High imped- 
put port mode releasing mode) 
SS | Pulldown 


8-bit data input/ High imped- 
output pin (high- ance (input 
order 4 bits) mode) 


CMOS (push-pull) 4-bit input/out- 
put port (port OC) 


8-bit data input/ High im ped- 
output pin (low- ance (input 
order 4 bits) mode) 


CMOS (push-pull) 4-bit input/out- 
put port (port OD) 


~~ 


Dual 
Function When writing to program me- 


pin mory or verifying its contents 


; : Voltage is applied to this pin 
Syst t t 
Vee ystem reset input pin (12.5 V) 
P iti W ° 
Positive power supply pin OaIIve Power SUPPIV.P'n 
(+6.0 V) 


GND pin 


Pins to be connected to the system clock | Program memory address 
resonator update 

Pins to be connected to the system clock 

resonator 


NC pin is not connected internally. Mode selection pin 
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PIN INPUT/OUTPUT CIRCUITS 


Following are schematics of the input/ouput circuits of the pins of the uPD17P108. 


(1) POA, POC, and POD 


Voo 
data 
P-ch 
IN/OUT 
output N-ch 
disable 
Vop 
P-ch 
N-ch 
(2) POBo and POB: 
IN/OUT 
data 
N-ch 
Output 
disable 
Voo 
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(3) POBz and POBs 


IN/OUT 
data Nech 
output 
disable 
Voo 
P-ch 
N-ch 
(4) RESET 
IN 
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10. WRITING TO AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 


The uPD17P108’s internal program memory consists of a 512 x 16 bit one-time PROM. 

Writing to the one-time PROM or verifying the contents of the PROM is accomplished using the pins shown in 
the table below. Note that address inputs are not used; instead, the address is updated using the clock input from 
the OSC: pin. 


Voltage is applied to this pin when writing to program memory or verifying its contents 


ose Input pin for address update clock used when writing to program memory or verifying its 
contents 
MDo to MDs Pins that turn to input pins and are used as operation mode selection pins when writing to 
fe) a 
program memory or verifying its contents 


Input/output pins for 8-bit data used when writing to program memory or verifying its contents 


10.1 PROGRAM MEMORY WRITE/VERIFY MODES 


If +6 V is applied to the Voo pin and +12.5 V is applied to the Ver pin after a certain duration of reset 
status (Von = 5 V, RESET = 0 V), the uPD17P108 enters program memory write/verify mode. A specific 
operating mode is then selected by setting the MDo through MDs pins as follows. Set the other unused pins 
to GND level by means of pull-down resistors. 


Operating mode specification 


Operating mode 


Pe ee L Program memory address clear mode 
H Write mode 


+12.5V] +6V 


x: L (low) or H (high) 
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10.2 WRITING TO PROGRAM MEMORY 


The procedure for writing to program memory is described below; high-speed write is possible. 


(1) Pull low the levels on all unused pins to GND by means of resistors. Bring OSC: to low level. 
(2) Apply 5 V to Voo and bring Ver to low level. 
(3) Wait 10 us. Then apply 5 V to Vee 
(4) Set the mode selection pins to program memory address clear mode. 
(5) Apply 6 V to Vop and 12.5 V to Ver. 
(6) Select program inhibit mode. 
(7) Write data in 1 ms write mode. 
(8) Select program inhibit mode. 
(9) Select verify mode. If the write operation is found successful, proceed to step (10). If the operation is found 
unsuccessful, repeat steps (7) to (9). 
(10) Perform additional write for (number of repetitions of steps (7) to (9) x 1 ms. 
(11) Select program inhibit mode. 
(12) Increment the program memory address by one on reception of four pulses on the OSC: pin. 
(13) Repeat steps (7) to (12) until the last address is reached. 
(14) Select program memory address clear mode. 
(15) Apply 5 V to the Voo and Ver pins. 
(16) Turn power off. 


The timing for steps (2) to (12) is shown below. 


Repeat X times 


Additional Address 
r 7 vie a a veuty TT write —T increment : 
Vep 
Vpp 
Voo 
GND 
Y Vop*! 
= Vop 
GND 
MDo / \ / \ / \ / 
MD; 
fence nnn ae cnn ram narnnem 
MDa2 / 
ea eee eee oe: eee ee een ne ee eer 
MDs 
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10.3 READING PROGRAM MEMORY 


(1) Pull low the levels of all unused pins to GND by means of resistors. Bring OSC: to low level. 

(2) Apply 5 V to Voo and bring Ver to low level. 

(3) Wait 10 us. Then apply 5 V to Vee 

(4) Set the mode selection pins to program memory address clear mode. 

(5) Apply 6 V to Voo and 12.5 V to Vee 

(6) Select program inhibit mode. 

(7) Select verify mode. Data is output sequentially one address at a time for each cycle of four clock pulses on 
the OSCi pin. 

(8) Select program inhibit mode. 

(9) Select program memory address clear mode. 

(10) Apply 5 V to the Vpp and Ver pins. 

(11) Turn power off. 


The timing for steps (2) to (9) is shown below. 


Vpp fre 


XIN ey AVAVAVAVAVAUAUAVAU ACY A Gamma 


MD / \ = 


wos fT 
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11. ASSEMBLER RESERVED WORDS 


Table 11-1 lists the reserved words defined in the uPD17P108 device file (AS17108). 


Table 11-1 Reserved Words 


[Nome [Atsibuto [Vane [Reade | _Dessipion 
Read/write Bit 3 of port OB 
— 
G 
G 


oe ct sigereone 


g <r Bit of port 0C 
; 073.0 Bito of port OD 


| 
ie BCD arithmetiofiag 
FL 
FL 
FL 
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12. INSTRUCTION SET 


12.1 INSTRUCTION SET LIST 
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12.2 INSTRUCTIONS 


Legend: 

M : One of data memory n : Bit position : 4 bits 
m : Data memory address specified by [my, m,] of each bank addr : One of program memory address ; 11 bits 
m, : Data memory address high (row address) ; 3 bits a, : Program memory address high ; 3 bits 
m, : Data memory address low (column address) ; 4 bits am: Program memory address middle ; 4 bits 

R : One of general register specified by [(RP), r] a, : Prograin memory address low ; 4 bits 

r : General register address low (column address) ; 4 bits CY : Carry flag 
RP : General register pointer CMP : Compare flag 

PC : Program counter s : Stop release condition 

SP : Stack pointer h : Halt release condition 

STACK _ : Stack specified by (SP) { ] : Address of M,R 

i : Immediate data ; 4 bits t 3 : Contents of M,R 


ane Operand| Function Operation 3 r r 
code | bits | bits | bits 
wr oom | me fm |r 
ADD 
| m, i | Add immediate data to memory M+ (M) +i 10000 mw fm. |i | 
Subtract memory from register with borrow R+ (R) — (M) — (CY) 
Subtract immediate data from memory with borrow M+ (M) —i- (CY) 


Add memory to register with carry R= (R) + (M) + (CY) | 00010 
pm [i 
: 100 | 


Add 


> 
2) 
a 


Se CoC 
Subtract immediate data from memory M+ (M) -—i 


Add immediate data to memory with carry R+ (M) +i+ (CY) 10010 
SKLT Skip if memory less than immediate data M-i, skip if borrow 


[Commune [Sa 


r 
r 
m 
jm, Bi Skip if memory not equal to immediate data 
Logical AND of memory and immediate data Ms (M) AND i } 10100 
AND 
Logical AND of register and memory R+ (R) AND (M) 00100 
oe ; 


Be 


Logical OR of memory and immediate data M<+ (M) OR i } 10110 
Logical OR of register and memory R+ (R) OR (M) 00110 | 
Logical XOR of memory and immediate data M<+ (M) XOR i } 10101 


Logical operation 


bas | 


Test memory bits, 


foal 


skip if M,=all “17 


then skip if all bits specified are true 


Test memory bits, CMP <0 
then skip if all bits specified are false skip if M,=all “0° 


3 


Ea 
A 


pte lalele lela 
ce c c c c c 


[tea | ner 
Yr 
aw 
| 
= 3B |: 
sa 
=) 
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Mae: | Machine code | code 
: mionie Operahd Function Operation Op 
code bits bits bits 
Rotate register right with carry (CY)—(R)->CY no) 


SP«+-(SP) -1 
CALL | addr Call subroutine STACK<+((PC) +1), 11100 aL 
PC+-ADDR 


get [ [Rew mae fom eae ‘(recast [om [we [1 [om 


Return to main routine from subroutine,then skip PC+(STACK), SP+-(SP) +1 
RETSK 0000 
unconditionary and skip 


a ef 
HALT Halt the CPU,restart by condition h 
wor | [seowenion 


Branch 


wa 
ie) 
wa 
O 
i 


No Operation 
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13. ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 


Supply Voltage Vop -0.3 to +7.0 V 
Supply Voltage Vep -0.3 to +13.5 V 
Input Voltage Vi POA, POC, POD -0.3 to Voo+0.3 V 
POB -0.3 to +11 V 
Output Voltage Vo POA, POC, POD -0.3 to Voo+0.3 V 
POB -0.3 to +11 V 
High-Level lon Each of POA, POB, POC, POD -5 mA 
output Current Total of all pins -15 mA 
Low-Level lot Each of POA, POB, POC, POD 30 mA 
output Current Total of all pins 100 mA 
Operating Topt -40 to +85 °C 
Temperature 
Storage Tstg -65 to +150 °C 
Temperature 
Power Pa Ta = 85 °C 22-pin shrink DIP 400 mW 
Consumption 24-pin SOP 250 


CAPACITY (Ta = 25 °C, Von = 0 V) 


CHARACTERISTICS SYMBOL / min. | TYP.| MAX. | UNIT CONDITION 


el a) V for pins other than pins 
Capacitance 


to be measured 
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DC CHARACTERISTICS (T, = —40 to +85 °C, Von = 2.5 to 6.0 V) 


CHARACTERISTICS SYMBOL | MIN, | TYP. | MAX. | UNIT CONDITION 


Other than the following pins 
Vint 0.7 Vop 
and port 


Ving ee Vv | POB and RESET 
Pwo [asvee || ® [ve 
= ees oes 


mae port 


Vu | fo. 2 /0.2Voo | }V | POB and RESET 


ae cs ee 


High-Level 
Input Voltage 


Low-Level 
Input Voltage 


High-Level 
Output Voltage 
on POA, POC, 
and POD 


Vop = 4.5 to 6.0 V, 
oe =—-2mA 


ae 
jv ft =15mA 


Low-Level 
Output Voltage 
on POA, POB, 
POC, and POD 


High-Level Input 
Leakage Current 
on POA to POD 


Low-Level Input 
Leakage Current 
on POA to POD 


High-Level Output 
Leakage Current 
on POA to POD 


Vout =9 V 


Low-Level Output 
Leakage Current 
on POA to POD 


Vout = 0 V 


Voo=5V+10%, 
fec = 1.0 MHz +20% 


Voo = 3V +10% 
foc = 250 kHz +20% 


Power Supply Voo = 5V +10%, 


Current fec = 1.0 MHz +20% 


Voo= 3V +10% 
foc = 250 kHz +20% 


Voo = 5V +10% 


Voo = 3 V +10% 


* When N-ch open-drain input/output is selected 
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CHARACTERISTICS OF DATA MEMORY FOR HOLDING DATA ON LOW SUPPLY VOLTAGE IN THE STOP 
MODE (Ta = —40 to +85 °C) 


CHARACTERISTICS SYMBOL To ante panne ony 


Data Hold Supply Voltage Voor 


Data Hold Supply Current lpppR x Vooor = 2.0 V 
Release Signal Set Time tsret Poo ff fas 


uPD17P108 


AC CHARACTERISTICS (Ta = -40 to +85 °C, Von = 2.5 to 6.0 V) 


CHARACTERISTICS SYMBOL / MIN. | TYP.| MAX. | UNIT CONDITION 


. i 


High/Low Level Width on 
POBo and POB: 


High/Low Level Width on 
RESET 


DC PROGRAMMING CHARACTERISTICS (Ts = 25 °C, Voo = 6.0 0.25 V, Ver = 12.5 20.5 V) 


ver fervee | [ice |v [Bentosc 
woos | [ve fv jos 
Co 
fo | foe fv foe 

Output Voltage High a loH=-1 MA 


ae 

oa fv | me t6ma 
—= 
eT 


MDO = Vi, MD1 = Vin 
Notes 1. Vee must be under +13.5 V including overshoot. 
2. Voo must be applied before Ver on and must be off after Ver off. 


Input Voltage High 


Input Voltage Low 


< 


< 


Output Voltage Low 
Vop Power Supply Current 


Vee Power Supply Current 30 
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AC PROGRAMMING CHARACTERISTICS (T. = 25 °C, Voo = 6.0 20.25 V, Ver = 12.5 20.5 V) 


[characrenisnics ___[sywaoi] en [MN [TYP [MAX[UNTT] CONDITION 
[Adare Sut UpTinwtoMOor™ we [™ [2 | | |[m | 
[Mor setupTimetomool [we [wm [2 | | |[m{ 


Data Hold Time to MDOT 


Data Output Float Delay Time 
from MDOT> 


eSeuptionot [ome 
a 

a 

om 


Data Output Delay Time 
from MD0L> 


OSC: Input High, tx, 
Low Level Range tx 


MDO = MD1 = Vit 


- 


mit = tmin 2 50 ws 


PLS ERTS fae ee 


= 
o 
< 
2 
a. 
= 
3 

@ 

3 

= 
. 
< 


Read program 


ry 
Data Output Delay Time From 


Read program 
Data Output Hold Time From 130 Read program 
Address ‘) wines 


MD3 Hold Time to MDOT eh! Read tale 
Data Output float Delay Time From a Head program 
MD31— memory 
Reset Setup Time tes | = ft | 


*1 Symbols for corresponding uPD27C256. 
*2 Internal address signal is incremented by one at the falling edge of the third OSC: input, and it is not connected to the pin. 


" 


G 


id 
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Write program memory timing 


uPD17P108 


tres 


tves 
Vee Vep 
Voo 

GND tvos 

Voo"! } 

sa Vop 
GND 
» 4 


DO to D7 F {Data input } Ey ; 


MDO f ' 
Veal — twos 


MD1 ", 
i 
feca tmis tua 
MD2 in 
tuss ~<— tmax 


MD3 | cement 
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The pPD17134A and pPD17136A are 4-bit single-chip microcontrollers containing four channels of 8-bit A/D 


uPD17134A, 1.PD17136A 


converters, two channels of 8-bit timers, an AC zerocross detector, a power-on reset circuit, and a serial interface in 
one chip. 
For the CPU, the 17K architecture is used. This enables accumulator direct data memory manipuiation, facilitat- 


ing effective programming. Every instruction is one word long, consisting of 16 bits. 


Since the 4PD17134A and pPD17136A have the on-chip A/D converters and AC zerocross detector, they can 
provide economical electronic control in appliances. 


For the evaluation of the p»PD 17134A and pPD17136A or small production, the »PD17P136A, in which a program 
can be written once, is provided. 


FEATURES 


@ Program memory (ROM) 

pPD17134A: 2 K bytes (1024 x 16 bits) 

wPD17136A: 4K bytes (2048 x 16 bits) 

Data memory (RAM): 112 words (112 x 4 bits) 

35 easy-to-understand instructions 

Instruction execution time: 8 ys (at 2 MHz) with Resistance, when Vpp = 5 V 


Stack level: 5 levels (interrupt: 3 levels) 


Vectored interrupt function: 
5 interrupt sources (INT pin, timer 1, timer O, basic interval timer, and serial interface) 
@ 8-bit A/D converter: 4 channels 
Absolute accuracy 
+1.5 LSB or higher (on 5 V +10 %) 
AC zerocross detector: 1 input (also used as INT pin) 
@ 8-bit timer: 2 channels 
Timer 0 count clock (fosc/16, fosc/64, fosc/256, INT pin input) 
Timer 1 count clock (fosc/256, fosc/512, fosc/2048, incrementing timer 0) 
®@ 8-bit basic interval timer: 1 channel. Can be used as watchdog timer 
Basic interval timer count clock (INT pin input, incrementing timer 0, fosc/4096, fosc/8192) 
3-wire serial interface: 1 channel 
On-chip power-on reset circuit 
\/O pin: 21 pins 
Standby function (HALT/STOP) provided 
Operating temperature: —40 to +85°C 
Operating voltage: 2.7to 6.0 V 


CMOS low power consumption 
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PIN CONNECTION FOR THE pPD17134A AND pPD17136A (Top View) 


VADC 


POC3/ADC3 


POC2/ADC2 


POC;/ADC, 


POCo/ADCg 


POB3 


POB2 


POB, 


POBg 


POA3 


POA? 


POA 


POAg 


Oo— 


O 


| 


O 


w 


— 


et tstistt=tisttejtett~jtetied ts 


4 


CMOS push-pull 


N-ch open-drain 
(Pull-up resistor mask 
option provided) 


CMOS push-pull 
(Pull-up by software) 


N-ch open-drain 
(Pull-up resistor mask 
option provided) 


CMOS 
push-pull 
(Pull-up by 


cofiware! (Pull-up resistor 


mask option provided) 


(Pull-up resistor 
mask option 
provided) 


28-pin shrink DIP 
28-pin SOP 
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: 


28 


No 
~N 


26 


N 
S 


Bar poe _ N N 
N oO — ol 


N 
e%) 


= N NO 
@ (=) NO 


(o>) 


oO 


VpD 


OSC, 


OSCo 


PODg/SCK 


POD1/SO 


POD2/SI 


POD3/TMOOUT 


P1Ag 


PIA, 


P1A9 


P1A3 


P1Bo 


INT 


NEC uPD17134A, 1.PD17136A 


BLOCK DIAGRAM OF THE uPD17134A AND pPD17136A 
Generator O Osc} 
Vop CPU CLK CLK STOP 


AC O INT 
Interrupt ZEROCROSS 
Controller Detector 
POA, O 
POA O POA Ky 
rena RAM 
1 ; 
POB) O 12 x 4 bits 
POB1 0 SYSTEM REG. 
POB2 O i 
POB3 O 
POCg/ADCg © - 
POC1/ADC1 O 
POC2/ADC2 O - poc KJ 
POC3/ADC3 O c 
fs 8-bit @ O P1AQ 
ADC jm—a——wO P1A 
j—<w——w-) P1A 
1024 x 16 bits O PiAs 
PODg/SCK O uPD17136A 
POD1/SO O 8 a 2048 x 16 bits 
dh SS, of P1B OP1B 
TMOOIIT 0 
POD3/TMOOUT O ean a x 
fe acoso 
Serial aaa es 
ae pea <—— RESET 
(face 


GND ~ a 


MICROCONTROLLER FAMILY FOR SMALL WHITE GOODS APPLIANCES 


port lines 


Serial interface 


Including 8 N-ch open- 


21 lines 


drain lines 


Also used as port pins 


Also used as port pin 


frowronrest | Pans 

[Syomeok | Aso =| aniclraloouee | 
28-pin shrink DIP 

Se a 

[omen | _wpowrraen | wrovpwma | 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The pPD17P136A has been developed by replacing the on-chip ROM of u.PD17136A, which is a mask ROM, with a one- 
time PROM, which is writable only once. It is convenient for evaluating or producing in small quantities the 4PD17134A, 
wPD17136A. 

The »PD17P136A is a 4-bit single-chip microcontroller with on-chip 8-bit A/D converter (4-channel), 8-bit timer (2- 
channel), AC zero cross detector, power on resetter and serial interface. 

Very efficient programming is possible through the use of the 17K architecture, which allows the accumulator direct data 
memory to be operated, being adopted in the CPU. Every instruction is composed of 1 word of 16-bit lenght. 


FEATURES 

@ Program memory (OTP): 4K bytes (2048 x 16 bits) 

@ Data memory (RAM): 112 words (112 x 4 bits) 

@ Instruction execution time: 8 us (2 MHz) R resonator, if V,, = 5 V used 

@ Stack level: 5 levels (interrupt: 3 levels) 

e@ Vectored interrupt function: 

5 types of causes of interrupt (INT pin, timer 1, timer 0, basic interval timer, and serial interface) 
8-bit A/D converter: 4 channels, absolute precision + 1.5 LSB max. (5 V +10 %) 
AC zero cross detector: 1 input (dual function with INT pin) 

8-bit timer: 2 channels 

8-bit basic interval timer: 1 channel, available as watchdog timer 

3-wire serial interface: 1 channel 

On-chip power on resetter 

Input/output pin: 21 pins 

Standby function available (HALT/STOP) 

Operating supply voltage: 2.7 to5.5 V 
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VDD 


POAg/Dg 
POA,/Dy 
POA2/D2 
POA3/D3 


POBQ/D4 
POB;/Ds5 
POB2/Dg 
POB3/D7 


POCg/ADCo/MDg 
POC;/ADC1/MD, 
POC2/ADC2/MD2 
POC3/ADC3/MD3 


PODg/SCK 
POD1/SO 
POD2/SI 
POD3/TMOOUT 


uPD17P136A 


TMO 


VADC 
POC3/ADC3/MD3 
POC2/ADC2/MD2 
POC;/ADC,/MD 
POC9/ADCg/MDg 

POB3/D7 
POB2/Dg 
POB1/Ds5 
POBg/D4 
POA3/D3 
POA9/D2 
POA,/D4 
POAQ/Do 


GND 


uPD17P136A BLOCK DIAGRAM 


POWER ON 
RESET 


uPD17P136A PIN CONFIGURATION (Top View) 


CMOS Push-Pull 


Nch Open-Drain 


CMOS Push-Pull 
(Pull-Up 
Possible by 
Program) 


Nch Open-Drain 


CMOS Push-Pull 
(Pull-Up 
Possible by 
Program) 


28-pin plastic shrink DIP 
28-pin plastic SOP 


RAM 
112 x 4bit 


VDD 
OSCg 


OSC;/CLK 
PODg/SCK 
POD,/SO 
POD9/SI 
POD3/TMOOUT 
P1Ag 

P1A, 

P1A> 

P1A3 


P1Bo/Vpp 


© OSC,/CLK 


© OSCg 


Oo INT 


P1Ag 


PP ravanconme 


(~Y Stack 5 x 11 bits 


One Time Instruction 
PROM Decorder 
2048 x 16 bit 
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PIA, 
P1A2 
P1A3 


P1Bo/Vpp 
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ROM capacity 1024 x 16 bits | 2048 x 16 bits | 1024x116 bits | 2048 x 16 bits 
RAM capacity 112 x 4 bits 112 x 4 bits 112 x 4 bits 112 x 4 bits 


Number of input/ 


Including 8 Nch 


output ports open-drain 


Analog input 
Serial interface 1 channel Dual function with 
port pin 


Available STOP/HALT 


Input power 2.770 5.5 V 5V+10% if A/D 


used 


Package 28-pin shrink DIP 
28-pin SOP 


input/output ports 


4 channels Dual function with 


port pin 


3 systems 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The pPD17135A and pPD17137A are 4-bit single-chip microcontrollers containing four channels of 8-bit A/D converters, 
two channels of 8-bit timers, an AC zerocross detector, a power-on reset circuit, and a serial interface in one chip. 

For the CPU, the 17K architecture is used. This enables accumulator direct data memory manipulation, facilitating effective 
programming. Every instruction is one word long, consisting of 16 bits. 

Since the »PD17135A and uPD17137A have the on-chip A/D converters and AC zerocross detector, they can provide 
economical electronic control in appliances. 

For the evaluation of the wPD17135A and pPD17137A or small production, the 1.PD17P137A, in which a program can be 
written once, is provided. 


FEATURES 

@ Program memory (ROM) 

uPD17135A: 2 K bytes (1024 x 16 bits) 

uPD17137A: 4 K bytes (2048 x 16 bits) 

Data memory (RAM): 112 words (112 x 4 bits) 

35 easy-to-understand instructions 

Instruction execution time: 2 ys (at 8 MHz) with ceramic/crystal source when V,, = 5 V) 
Stack level: 5 levels (interrupt: 3 levels) 

Vectored interrupt function: 


5 interrupt sources (INT pin, timer 1, timer 0, basic interval timer, and serial interface) 
@ 8-bit A/D converter: 4 channels 
Absolute accuracy 
+ 1.5 LSB or higher (on 5 V +10 %) 
@ AC zerocross detector: 1 input (also used as INT pin) 
@ 8-bit timer: 2 channels 
Timer 0 count clock (f,/16, f,/64, f,/256, INT pin input) 
Timer 1 count clock (f,/256, f,/512, f,/2048, incrementing timer 0) 
@ 8-bit basic interval timer: 1 channel. Can be used as wathcdog timer. 
Basic interval timer count clock 
(INT pin input, incrementing timer 0, f,/4096, f,/8192) 
3-wire serial interface: 1 channel 
On-chip power-on reset circuit 
I/O pin: 21 pins 
Standby function (HALT/STOP) provided 
Operating temperature: —40 to +85 °C 
Operating voltage: 2.7 to 6.0 V 


CMOS low power consumption 
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PIN CONFIGURATION FOR THE pPD17135A AND pPD17137A (Top View) 


VADC o—-| 1] O Vop 
POC3/ADC3 O O XIN 
POC2/ADC2 O~= =} 3 O XoOuT 

CMOS push-pull 
POC,/ADC, O--| 4] OQ POD)/SCK 
POCg/ADCo O N-ch open-drain O PO0D;/SO 
(Pull-up resistor mask 
option provided) 
POB3 O 6 [23 }+--0 POD2/SI 
POB2 O 7 O P0D3/TMOOUT 
CMOS push-pull 
(Pull-up by software) 
POB, O 8 21}+—O P1Ag 


POBp O--=] 9 20]=O P1A; 


N-ch open-drain 
(Pull-up resistor mask 


option provided) 
POA3 O O P1A2 


POA O—e] 11 CMOS 18 |j=—+O P1A3 
push-pull 
(Pull-up 
by soft- (Pull-up resistor 

POA, Ome] 12 ware) mask option 17 |-—_O P1Bg 


provided) 


(Pull-up resistor 
POAg O mask option O RESET 
provided) 


28-pin shrink DIP 
28-pin SOP 
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BLOCK DIAGRAM OF THE uPD17135A AND uPD17137A 


POWER ON 


POCg/ADCo O 
POC1/ADC,1 © 
POC2/ADC2 O 
POC3/ADC3 O 


PODg/SCK O 
POD;/SO O 
POD2/SI © 

POD3/TMOOUT O 


uPD17135A, uPD17137A 


O 
Generat 
ih O XouT 


CPU CLK CLK STOP 
AC O INT 
Interrupt ZEROCROSS 
Controller Detector 
INTC 
Ueacinmarten fe oe 
INTC 
‘~' RAM 
— (timer 
SYSTEM REG. 
: CLK 
Of ee 
O P1Ao 
Instruction = =—=—*=O P1A) 
P1A 
1024 x 16 bits Decorder Sia 


uPD17137A 
2048 x 16 bits 


{Few cone 


ea 
(fier 


MICROCONTROLLER FAMILY FOR SMALL WHITE GOODS APPLIANCES 


SPDIT134A | wPOI7196A | _pPDITIGA | PDITIOTA Remarks 


ROM size 
RAM size 


112 x 4 bits 


1024 x 16 bits | 2048 x 16 bits 
112 x 4 bits 


1024 x 16 bits | 2048 x 16 bits 


112 x 4 bits 112 x 4 bits 


Number of |/O 
port lines 


Tinelnaine 8 N-ch open- 


21 i 
ne drain lines 


Analog input 


Timer 


Serial interface 


4 channels Also used as port pins 


3 timers 


| _ 


Stack 


1 channel Also used as port pin 


5 levels 


= 


Power-on reset 


Provided 


System clock 


RC source 


| Ceramic/crystal source 


Standby function 


Provided 


aan 
Power supply 


4. 
| Stormact 
5 


2.7 t0 6.0 V V +10 % for A/D 


+ 


Package 


PROM version 


uPD17P136A 


28-pin shrink DIP 
28-pin SOP 


uPD17P137A 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The »PD17P137A is a one-time PROM version of the 1PD17137A, whose internal mask ROM is replaced with a one-time 
PROM, and is therefore suitable for evaluation of the 4~PD17135A, and 4PD17137A or for small-scale production. 

The »PD17P137A is a 4-bit single-chip microcontroller containing four channels of 8-bit A/D converters, two channels of 
8-bit timers, an AC zerocross detector, a power-on reset circuit and a serial interface in one chip. 

For the CPU, the 17K architecture is used. This enables accumulator direct data memory manipulation, facilitating effective 
programming. Every instruction is one word long, consisting of 16 bits. 


FEATURES 

Program memory (OTP): 4K bytes (2048 x 16 bits) 

Data memory (RAM): 112 words (112 x 4 bits) 

Instruction execution time: 2 ws (at 8 MHZ) with ceramic or crystal source, when V,, = 5 V used 
Stack level: 5 levels (interrupt: 3 levels) 

Vectored interrupt function: 5 interrupt sources 

8-bit A/D converter: 4 channels absolute accuracy + 1.5 LSB or higher (on 5 V +10 %) 
AC zerocross detector: 1 input (also used as INT pin) 

8-bit timer: 2 channels 

8-bit basic interval timer: 1 channel. Can be used as watchdog timer. 

3-wire serial interface: 1 channel 

On-chip power-on reset circuit 

Input/output pin: 21 pins 

Standby function (HALT/STOP) provided 

Operating voltage: 2.7 to5.5 V 
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uPD17P137A 


PIN CONNECTION uPD17P137A (Top View) 


VADC 
POC3/ADC3/MD3 
POC9/ADC2/MD 
: 2 CMOS push-pull 
POC;,/ADC1/MD, 
POCg/ADCo/MDg 
N-ch open-drain 
POB3/D7 
POB2/D¢6 CMOS push-pull 
POB1/Ds (pull-up by software) 
POBo/D4 
N-ch open-drain 
POA3/D3 
POA2/D2 CMOS push-pull 
(Pull-up by 
POA,/D4 software) 
POAQ/Do 
GND 


VDD 


XOUT 


POD2/SI 


P1A9 
P1A4 
P1A2 


P1A3 


RESET 


INT 


28-pin plastic shrink DIP 
28-pin plastic SOP 


uPD17P137A BLOCK DIAGRAM 


POWER ON 


POAQ/Do © 

POA,/D; O=— 

POA/D2 0 POA K_) 

POA3/D3 0 

RAM 

POBy/D4 © 112 x 4 bit 

POB1/D5 © SYSTEM REG. 

POB2/Dg O POB @ 

POB3/D7 o 
POCp/ADCo/MDg oO 
POC;/ADC;/MD, oO 
POC2/ADC2/MD2 © i. Poc K_] 
POC3/ADC3/MD3 © E 

8-bit 
le Instruction 
PROM Decoder 
POD Q/SCK © al 2048 x 16 bit 
POD ;/SO o 
o i * 
ae a Bid LI 


eed 
Stack 5 x 11 bits 


POD2/SI +H 
POD 3/TMOOUT ; 
Le 


GND ort 
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Interrupt 
Controller 


Interval Timer 
Timer 1 


( ) PIA 


X | PiB 


X|N/CLK 


POD,/SO 


ZEROCROSS 


POD g/SCK 


POD3/TMOOUT 


P1Bo/Vpp 


CLK STOP 


Detector 


CLK 


= 


Of neo 


oO INT 


P1A9 
P1A, 
P1A2 
P1A3 


P1Bo/Vpp 


0 Xin/CLK 


© XOUT 
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MICROCONTROLLER FAMILY FOR SMALL WHITE GOODS APPLIANCES 


12x4bits | 112x4bits | 112x4bits | 112x 4 bits fd 


Number of input/ Including 8 N-ch 
output port lines open-drain lines 


a 


en 

Fromronremt [Pw 

Ea 

Lia eso Se 
28-pin SOP 

an 


PROM version pwPD17P136A pPD17P137A 
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4-BIT SINGLE-CHIP MICROCONTROLLER 
WITH A/D CONVERTER AND 
LCD CONTROLLER/DRIVER FOR INFRARED REMOTE CONTROLLER 


The pPD17201A is a 4-bit single-chip microcontroller integrating an LCD controller/driver, A/D converter, and an infrared 
remote controller carrier generator circuit on a single chip. 

This microcontroller employs the 17K architecture and can execute transfer and arithmetic operations with a single 16- 
bit instruction between data memory addresses, and between the data memory and a peripheral circuit. 

uPD17201A is housed in an 80-pin plastic QFP. 


FEATURES 

17K architecture 

Program memory (ROM): 6K bytes (3072 x 16 bits) 
Data memory (RAM): 336 words (336 x 4 bits) 
Internal infrared remote controller carrier generator 
4 channel 8-bit A/D converter 


Internal LCD controller/driver (can display up to 136 segments) 

Common pins: 4, segment pins: 34 (two of the common pins can also be used a segment pins) 
Internal LCD drive constant rising-voltage circuit: LCD drive voltage can be arbitrarily set at 2.4 to 5.4 V by 
external resistor 

1/O ports: 19 

Three-line serial interface 

Stack levels: 5 (3 interrupt levels) 

8-bit timer: 1 channel 

Watch timer: 1 channel 

Instruction execution time: 4 ys (with 4 MHz ceramic/crystal oscillator) 

Standby function (STOP, HALT): Watch display with 32,768 kHz crystal oscillator inSTOP mode 
Operating voltage range: 2.2 to5.5 V 


APPLICATIONS 


Infrared remote controllers for air conditioners, and remote controllers with LCD 


ORDERING INFORMATION 
Order Code Package Quality Grade 


uPD17201AGF-xxx-3B9 80-pin plastic QFP Standard 
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1. PIN CONFIGURATION (Top View) 


1.1 PIN CONFIGURATION (Top View 


© LCD34/COM3 

© LCD35/COM?2 

0 CAPL 

O CAPH 

° VLCD1 

” ViCoC 
[St—*° VicpDo 

© WDOUT 


LCD32 0 64) © XQUT 
LCD34 ey © XIN 
LCD39 © © VDD 
LCD29 © 4 | Oo REM 
LCD2g © 5 | 60) © P1A9/SI 
LCD27 © 6 | 59] © P1A1/SO 
LCD26 © 58] oO P1AQ/SCK 
LCD25 © ra CMOS output > POD; 
LCD24 o ro] 56) © POD 
LCD23 © 55) © POD1/TMOUT 
LCD22 © © PODo/LED 
LCD21 o © POC3 
HeP20 © © POC? 
CD19 o 4] 51] © POC, 
LCD1g o eS © POC 
N-ch open-drain output 
Loy 2 16) 49) © POB3 
LCD16 © 48] © POB2 
PEP IG: © 18] © POB, 
LCD14 © 46) © POBg 
Lepi3'© 45) © POA3 
— CMOS output “4 > POAZ 
Mit © © POA, 
LCD19 o [a2] © POAG 
LCDg o 2a 41] O INT 


Ls 


© O ©) © © © © © O O © O O 
one oO D0 t+aAN & 0 VW Oe NM OO 
QdqQaaeaqaqaeaqaqaaeaedgdgeqaadggvee#se VY qQa 
Oo OO 0 0 0 0 0 O20 40Q0Q0Q00 ¢4 
Jo4u4 49 445455 42 05 > € € €& CL Oo 

z. 

O 
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1.2 PIN FUNCTION LIST 


OUTPUT 
SYMBOL 1/0 
TYPE 


LCD35/COM2 
LCD34/COM3 
LCD33 
LCD39 

LCD, 

LCDo 


LCD segment 


A/D converter 
input O 
A/D converter 
input 1 
A/D converter 
input 2 
A/D converter 
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FUNCTION 


Segment signal output pins for the LCD driver. LCD35/ 
CM2 and LCD34/COM3 serve as segment signal output 
and common signal output pins. The function for these 
pins. The function for these pins is selected by 
LCDMD3 through LCDMDO (address 32H, bit 3-0) in 
the register file. 

Display dots can number 72, 105, or 136, depending on 
the matrix for the segment signal output and common 
signal output pins. The bias is fixed to 1/3, and the duty 
factor is 1/2, 1/3, or 1/4, depending on the selected 
number of common pins. The frame frequency can be 
selected by LCDCK2 through LCDCKO registers (address 
31H) in the register file. The dot with a segment signal 
output pin and common signal output, between which 
at Vop potential difference is generated, lights. 

The display data for the LCD driver is set through the 
LCD display register (addresses 40H through 63H in 
BANKO). 

The display ON and OFF modes for the LCD driver 

are set by the LCDEN register (address 31H, bit 3) in 
the register file. 

In the display OFF mode, the segment signal output 

pin outputs a signal waveform, because the display goes 
off. When uPD17201A is reset by the RESET signal, 
low voltage detection by the voltage detector, or watch- 
dog timer, the LCDEN register is set in the display OFF 


Device ground pin 


A/D converter power pin. 
Connect this pin to the Vpp pin. 


Input pins for the 8-bit A/D converter. 

The A/D converter can also be used as a comparator, 
when so specified by VREFEN, ADCEN, ADCCH1 and 
ADCCHO (address 21H) in the register file. 

The A/D converter has a successive approximate type 
and its reference voltage is generated by dividing the 
voltage on the analog power pin (Vapc) with a resistor 
string. 

A total of six A/D converter channels, ADCg through 
ADC3 pins, are available. Two comparator channels, 
with one consisting of ADCo and ADC? pins and the 
other consisting of ADC, and ADC3, are available. 

The A/D converter or comparator function and the 
channel to be used are selected by VREFEN, ADCEN, 
ADCCH1, and ADCCHO (address 21H) in the register 
file. 


Analog ground A/D converter ground pin 


uPD17201A 


rtf : 


42 | POA 
43 | POA, CMOS 
1/0 Port OA 
44 | POA2 : push-pull ° 
45 | POA3 


N-ch 
1/0 . Port OB 
open-drain 
N-ch 
; Port OC 
open-drain 


OUTPUT 
SYMBOL Oo | PIN NAME FUNCTION 
TYPE 


External interrupt request signal input pin. 

The interrupt request is issued at the rising edge of the 
signal input to this pin. 

The interrupt is not accepted, even when the interrupt 
request is issued, unless the interrupt is enabled (mask- 
able interrupt). Ali the interrupts can be enabled by the 
El! instruction, or only the INT pin can be enabled by 

IP (address 2FH) in the register file. When the interrupt 
request is issued, while the interrupt is enabled, the inter- 
rupt is accepted, and the program execution branches 
to address 03H. 

The interrupt request issuance can be checked by IRQ 
(address 3F H) in the register file, even when the inter- 
rupt is not enabied. 

All the interrupts are disabled and interrupt requests 
are cleared, when uPD17201A is reset by the RESET 
pin or watchdog timer. 


These pins constitute a 4-bit 1/O port, which can be 
set in input or output mode in 4 bits units (group I/O). 
The input mode is specified by POAG!O (address 37H, 
bit O) in the register file. The input data is read and 
output data is set through port register POA (address 
70H in BANKO). 

POAg through POA3 are internally connected with a 
pull-up resistor. When uPD17201A is reset by the 
RESET signal or watchdog timer, these pins are set in 
the input mode. 


These pins constitute a 4-bit |/O port, which can be set 
in input or output mode in 4 bits units (group |/O). 
The input mode is specified by POBGIO (address 37H, 
bit 1) in the register file. The input data is read and 
output data is set through port register POB (address 
71H in BANKO). 

Since these pins are N-ch opendrain, they must be 
connected to an external pull-up resistor. When 
uPD17201A is reset by the RESET signal or watchdog 


timer, these pins are set in the input mode. 


| : : 
These pins constitute a 4-bit |/O port, which can be 


set in input or output mode in 4 bit units (group I/O). 
The input mode is specified by POCGIO (address 37H, 
bit 2) in the register file. The input data is read and 
output data is set through port register POC (address 
72H in BANKO). 

Since these pins are N-ch opendrain, they must be 
connected to an external pull-up resistor. When 
uPD17201A is reset by the RESET signal or watchdog 
timer, these pins are set in the input mode. 
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1/0 chil FUNCTION 
TYPE 


PODo/LED is a 4-bit 1/0 port pin and LED output pin. 
POD;/TMOUT is a 4-bit 1/O port pin and an external 
signal output pin for the timer. 

Whether these pins function as port pins or LED output 
and timer output pins is specified by NRZEN (bit 2 in 
address 23H) and TMOE (bit 1 in address 23H). When 
uPD17201A is reset by the RESET signal or watchdog 
timer, these pins are set in the input mode. 

(1) As 1/O port pin 

These pins can be set in input or output mode bitwise 


PODo/LED Biecsie (bit 1/0) by PODBIO3 through PODBIOO (address 27H, 

POD1/TMOUT Port OD bits 3 through 0). The input data is read and output 

POD? piste data is set through port register POD (address 73H in 
BANKO). 


(2) PODg as LED output pin 

Whether PODg pin functions as LED output pin or 1/O 
port pin is specified by NRZEN. As an LED output 
pin, this pin outputs an NRZ signal in synchronization 
with REM output. 

(3) POD, as timer output pin 

Whether this pin functions as the external signal output 
pin for the 8-bit timer or |/O port pin is specified by 
TMOE). 


These pins constitute a 3-bit general-purpose 1/O port, 
which also functions as a serial interface. Whether these 
pins function as an |/O port or serial interface is speci- 
fied by SIOEN (address 23H, bit 0) in the register file: 
When uPD17201A is reset by the RESET signal or watch- 
dog timer, these pins are set in the input mode. 

(1) As 3-bit I/O port 


P1AQ/SCK cmos The I/O port can be set in the input or output mode in 
P1A4/SO Buicsan Port 1A 3 bit units (group I/O) by P1AGIO (address 37H, bit 3) 
P1A2/S| in the register file. 


The input data is read or output data is set through port 
register P1A (address 70H in BANK1). 

(2) As serial interface 

The serial interface function (uCOM standard mode) is 
selected by SIOEN. 


CMOS Remote controller 
push-pull transfer output 


2 {vee ft _ Power supply | Device power supply pin 


Input Main clock Connect a 4 MHz ceramic/crystal oscillator between 
Ce Output oscillator these pins. 
Voltage regulator output pin, Connect an external 0.1 


Inputs the system reset signal. 4PD17021A is reset, 
Input when a low-level signal is input to this pin for 50 us or 
Voltage 
p66 | va EG : as 
regulator output uF capacitor to this pin. 

Detects program overrunning, such as for watchdo 
WDOUT Watchdog output : ie . : 

timer and stack overflow 
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Infrared remote controller signal output pin. The carrier 


tput 
one frequency can be set for from to 16 to 1024 kHz. 


ionger. 


uPD17201A KE 


SYMBOL OUTPUT | PIN NAME FUNCTION 
TYPE 
XTIN Subclock Connect a 32 kHz crystal oscillator between these 
74 XTOUT oscillator pins. 


This pin adjusts the LCD drive reference voltage. 
Connect a resistor between V_Cpg and VLCpc, and 
71 | Vicoc 
LCD drive 
reference voltage 
output 
Connect a voltage-raising capacitor between these pins. 


between V_Cpc and GND to adjust the reference 
voltage. 
74 | CAPH Voltage-raising 
CAPL capacitor Connect a 0.47 wF capacitor between these pins. 

Common signal output pins for the LCD driver. In 
addition to these pins, LCD35/COM2 and LCD34/COM3 
pins can also be used as common signal output pins. 
The function of these pins is selected by LCDMDO and 
LCDOMD1 registers (address 32H) in the register file. 
The display dots can number 72, 105, or 136, depending 
on the matrix of the segment signal output and common 
signal output pins. The bias is fixed to 1/3, and the 
duty factor is 1/2, 1/3, or 1/4, depending on the selected 
number of common pins. 

COMo Gieniien dene) The frame frequency can be selected by LCDCKO and 

COM 4 LCDCK1 registers (address 31H) in the register file. 
The dot with a segment signal output pin and common 
signal output, between which a +Vppo potential differ- 
ence is generated, lights. The display ON and OFF 
modes for the LCD driver are set by the LCDEN register 
(address 31H) in the register file. 
In the display OFF mode, the segment signal output 
pin outputs a signal waveform, because the display goes 
off. When uPD17201A is reset by the RESET signal, 
low voltage detection by the voltage detector, or watch- 
dog timer, the LCDEN register is set in the display OFF 
mode. 
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LCD drive 
reference voltage 
adjuster 


LCD drive reference voltage output pins. Vi cpg out- 
puts the reference voltage. V_CDcC1 outputs a voltage 
two times the reference voltage (doubler), while 


70 
79 VLCDC2 outputs a voltage three times the reference 
“a voltage (tripler). Connect a resistor to adjust the refer- 


ence voltage between Vi Cpo and VLCpc and between 
Vicoc and GND. Connect a 0.47 uF capacitor between 
each pin and GND. 


NEC uPD17201A 


1.3. INPUT/OUTPUT CIRCUITS 
The input/output circuits for each uPD17201A pin are shown below. 


(1) POAg-POA3 


VDD VDD 


Data Output 
latch 
Output 
disable 


Multiplexer 


Input buffer 


(2) POBop-POB3 


Data 


Output 
disable 


Input buffer 


2-437 


uPD17201A NV. E Cc 


(3) POCo-POC3 


Date ei 
i & Nch 


Output 
disable _ 
Multiplexer 
Input buffer 
(4) PODg-POD3 


VDD 


Data Output 
latch ai: be 


Output “) > Neh 
disable 


Multiplexer 


Input buffer 
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(5) P1Ag-P1A2 


VpD 


Data Output 
latch 
Output 
disalbe 


Multiplexer 


Input buffer 


(6) RESET 


VoD 


Mask option 


Input buffer 
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2. BLOCK DIAGRAM 


P1AQ/SCK 
P1A4/SO 
P1A9/SI 


POAg 
POA, 


POA 
POA3 


POBg 
POB, 
POB2 
POB3 


POCg 
POC, 
POC) 
POC3 


PODp/LED 
POD1/TMOUT 
POD? 

POD3 


REM 


Voltage 
Detecter 


CPU Clock 


(2) 
° 
P= | 
= 
ra 
o 


© 
©) 
© 
©) 
Power @ 
Supply e 
Circuit 
TI : 
Serial O 
©) 
Tio hy 
©) ©) 
©) 
©) 
©) 
P1A 7 ony O 
336 x 4 bit 
© 
©) 
© 
©) 
© 
. PoaK | : 
© 
® 
O Interrupt 0 
O POB a Controller 
© 
©) 
O ROM 
j) 
~ poc __) 3072 x 16 bit 
@ 
: () aio 
©) 
© i C) 
OTT] poo (= | : 
re (___[_ Program Counter _ | 
: i 
_—) Stack 5 x 12 bits 
Remote | | 


Divider 


CPU Clock 
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f 2) 


VREG 
VDD 

CAPH 
CAPL 


VLCDO 
VLCD1 
VLCD2 


VLCDC 
GND 


LCD9 

LCD 4 

LCD2 

LCD3 

LCD4 

LCD33 
COM3/LCD34 
COM2/LCD35 


COM} 
COMg 


INT 


VADC 
ADCg 
ADC] 

ADC2 


ADC3 
GNDapc 


RESET 
WDOUT 


XIN 


XOUT 


XTIN 


XTOUT 


NEC 


3.1 MASK OPTION DEFINITION DIRECTIVES 


uPD17201A 


Table 3-1 lists the directives that can be used in the mask option definition block. 
Here is an example of mask option definition: 


Symbol field Mnemonic field Operand field Comment field 
[label: ] OPTION [; comment] 
OPTRES RESPLUP 
OPTCK USEX,USEXT 
ENDOP 


Table 3-1 Mask Option Definition Directives 


No. of Operands First Operand Second Operand 


RESET 

RESET pin OPTRES nistk OPuON 
RESPLUP (w/pull-up resistor) 
OPEN (w/o pull-up resistor) 


Using main clock |Usingsubclock subclock 


USEX (main clock is used) USEXT (subclock is used) 
NOXT (subclock is not used) 


External oscillator OPTCK 


NOX (main clock is not used) 
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3.2 KEYWORD SYMBOLS 


The symbols defined by the pPD17201A device file, are listed in Table 3-2. The defined symbols are 
the following register file names, port names, and peripheral device names. 


Table 3-2 Keyword Symbols 


cw 
DBF3 0.0CH Bits 16-19: for date’ halter 


MEM | 0.0DH Bits 11-8 for data buffer 
MEM | 0.0EH Bits 7-4 for data duffer 
MEM | 0.0FH Bits 3-0 for data duffer 
AR3 MEM | 0.74H Bits 15 12 for address register 


AR2 MEM 0.75H R/W Bits 11-8 for address register 


ARI MEM | 0.76H Bits 7-4 for address register 

ARO MEM | 0.77H Bits 3-0 for address register 

WR MEM | 0.78H Window register 

MEM | 0.40H R/w | LCD segment 0 
MEM R/W | LCD segment 1 
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LCDDI16 MEM 0.50H R/W LCD segment 16 
LCDD17 MEM 0.51H R/W LCD segment 17 
LCDD18 MEM 0.52H R/W LCD segment 18 
LCDD19 MEM 0.53H R/W LCD segment 19 
LCDD20 MEM 0.54H R/W 
LCDD21 MEM 0.55H R/W 
LCDD22 MEM 0.56H R/W LCD segment 22 

LCDD23 MEM 0.57H R/W LCD segment 23 

LCDD24 MEM 0.58H R/W LCD segment 24 

LCDD25 MEM 0.59H R/W LCD segment 25 

LCDD26 MEM 0.5AH R/W LCD segment 26 

LCDD28 MEM 0.5CH R/W LCD segment 28 
LCDD29 MEM 0.5DH R/W LCD segment 29 
LCDD30 MEM 0.5EH 
LCDD31 MEM 
LCDD32 MEM 
LCDD33 MEM 
LCDD34 MEM 0.62H 
LCDD35 MEM 0.63H 


LCD segment 20 
LCD segment 21 


LCD segment 30 


LCD segment 31 


R/W LCD segment 32 
LCD segment 33 


= 
=/= 


R/ 
R/W 


LCD segment 34 
LCD segment 35 


POAO p/w °| Bit 0 for port 0A 
POAI1 FLG R/W Bit 1 for port 0A 
POA2 FLG 0.70H.2 R/W Bit 2 for port 0A 


POA3 FLG 0.70H.3 
POBO FLG 0.71H.0 
POB1 FLG 
POB2 FLG 


R/W Bit 3 for port 0A 


R/W Bit 0 for port 0B 


R/W Bit 1 for port 0B 
R/W Bit 2 for port 0B 


POB3 FLG R/W | Bit 3 for port 0B 
POCO FLG R/W | Bit 0 for port 0C 
POCI FLG R/w | Bit 1 for port 0C 
POC2 FLG | 0.72H.2 R/W | Bit 2 for port 0C 


P0C3 
PODO 


PLG 0.72H.3 
FLG 0.73H.0 
FLG 0.73H.1 
POD2 FLG 0.73H.2 R/ 
POD3 FLG 0.73H.3 R/W Bit 3 for port 0D 


P1A0 FLG 1.70H.0 R/W Bit 0 for port 1A 
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R/ 


= 


Bit 3 for port 0C 


R/W Bit 0 for port 0D 


R/W Bit 1 for port 0D 


Bit 2 for port 0D 


uPD17201A 


Attribute 


Symbol 
P1A1 
P1A2 


Remarks 


WN 
u 


SYSCK 
XEN 


Selects system clock 


FLG 0.82H.0 Enables main clock 
WDTRES FLG Resets watchdog timer 
WTMMD FLG 0.83H.2 R/W Selects watch timer mode 
WTMRES FLG Resets watch timer mode 
VDDDET! | FLG VDD detection flag 1 


VDDDETO0 FLG | 0.87H.2 VDD detection flag 0 
INT FLG 0.8FH.0 Interrupt pin status 


NRZ F 


LG , 


SIOTS 
SIOHIZ 
SIOCK]1 
SIOCKO 
NRZEN 
TMOE 
SIOEN 
PODBI03 
PODBI02 FLG 
PODBI01 FLG 
PODBI00 FL 
IPSIO FL 
IPWTM FLG 
P 
IPTM 
LCDEN FLG 
LCDCK2 FLG 


FLG 
FLG 
FLG 
FLG 
FLG 
FLG 
FLG 
FLG 


a}; 


— 


LCDMD0 R/W 


FLG 
FLG 
FLG 


Cc 
Q 
jo] 
& 
a 
<4 
® 
Xe 
wn 
® 
= 
e. 
5 
oa 
+ 
oO 
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Pes [ie [oe | uW [ eames Be 
0.B3H.0 Selects 8-bit timer clock source 


P1AGI0 0.B7H.3 P1A port I/O setting flag 
POCGIO 0.B7H.2 POC port I/O setting flag 


0.B7H.1 POB port I/O setting flag 

POAGIO 0.B7H.0 
at 
oa 


NRZHTMM 
ADCR 


POA port I/O setting flag 
0.BBH.3 R/W SIO interrupt request flag 


0.BDH.1 cs INT interrupt request flag 


0.BEH.0 8-bit timer interrupt request flag 


Serial I/O register 


: 


ADC reference voltage setting register 


2 


R/W 
R/W Data buffer 
R/W Index register 
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4. .PD17201A INSTRUCTION SET 


4.1 INSTRUCTION SET OUTLINE 


MOVT 
BR 
CALL 
RET 
RETSK 


DBF, @AR 
@AR 
@AR 


zs 
Ex 
ea 
| DL 
LE 
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4.2 INSTRUCTION LIST 


Legend 
M : One of data memory specified by [(BANK), m] PC : Program counter 
m : Data memory address specified by [my, m,] of each bank SP : Stack pointer 
my : Data memory address high (row address) : 3 bits STACK : Stack specified by (SP) 
m, : Data memory address low (column address) : 4 bits BANK: Bank register 
R : One of general register specified by [(RP), r] (AR)rom : One of program memory data specified by (AR) 
r : General register address low (column address) ; 4 bits INTEF : Interrupt enable flag 
RP : General register pointer i : Immediate data ; 4 bits 
RF : One of register file specified by rf n : Bit position ; 4 bits 
rf : Register file address specified by [rf,, rf, ] addr : One of program memory address ; 11 bits 
rf, : Register file address high (row address) ; 3bits a, : Program memory address high : 3 bits 
rf, : Register file address low (column address) ; 4 bits ay : Program memory address middle : 4 bits 
AR : Address register a, : Program memory address low ; 4 bits 
IX : Index register CY : Carry 
IXE : Index register enable flag s : Stop releasing condition 
DBF : Data buffer h : Halt releasing condition 
WR : Window register [ ] : Address of M, R, RF 
MP : Memory pointer ( ) : Contents of M, R, RF, AR, IX, DBF, WR, PE 
MPE _ : Memory pointer enable flag 
PE : Peripheral 
p : Peripheral address 
Pu : Peripheral address high (row address) ; 3bits 
PL : Peripheral address low (column address) ; 4 bits 


Operand Function Operation 
prowl | [ 


famarrae fee foe fmf 
* os fsa ane Yow a 
eter wreernimewyamimeaneien ome far|m | + 
ADDC 
saints avery amen [me fmm fm | 
tien eoser antes [| fio [ 
emma fae fo 
Sa mn toner immo fom fm | 
- [serena rsa Ps 
mien wen Poe fm 
oo 


Addition 


= 


W 
GS 
jee] 


SUBC 


ow fae 
[bt Fo iiss ons oi 
n [tion reperotaemy eon fone fem fr 
cc 
oo 


SKGE 
SKLT 


SKNE 


Logical XOR of memory and immediate data M <-(M) XOR i 
Logical XOR of register and memory R<+(R) XOR (M) 
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Group 


Mnemonic Function Operation 
pra [ | 


[ie [ee [interme owe [se Te 
Fst mr | Store register to memory (M)--R } 11000 | mm fm | or 


— if MPE = 1,[(MP), (R)] —(M) 
Move memory to destination memory referring to register if MPE = 0, [(m,), (R)] —(M) m, 
MOV if MPE = 1,M+- [ (MP), (R)] a 
if MPE = 0,M+[(m,), (R)] ‘ 
et fio vwmme 
DBF sp (sp) — 1, STACK — PC 
MOVT ‘ Ae DBF +(AR) rom, 0000 
PC + STACK, sp+(sp) + 1 
PUSH Decrement SP, then move AR to stack top SP—(SP)— 1,STACK=+ AR } 90111 | 000 } 1101 | 0000 
| POP | AR | Move stack top to AR, then increment SP AR+ STACK, SP=+SP + 1 } 90111 | 000 | 1100 0000 
rene [ow AF tw co en fo a 
Pon [Ucn [PW aw COESCORS 


ce oor Fon [foo] m 
Pa DBF ri 7 fon | foe] a 


CMP=+ 0, 
skip if M, 


Move source memory referring to register to memory 


Transfer 


Move ROM data from the address specified in AR to DBF 


Test memory bits, 


then skip if all bits specified are true 


CMP=+ 0 
skip if M, = 


Test memory bits, 


then skip if all bits specified are false 


Jump to the address specified in page 1 PC + ADDR, PAGE <= 01 


ono: | “ 
Jump to the address specified in AR } 00111 | 000 | 0100 0000 


sP<=(SP)— 1; 
STACK +-((PC) + 1), aL 
PC + ADDR, PAGE + 00 
CALL 


Rotate register right with carry 


Call subroutine in page 0 


SP —(SP) — 1. 
@AR | Call subroutine specified in AR STACK +((PC) + 1), 0000 
PC —(AR) 


Peet [ [ie in tonne =i mts. a= [ win [ow [| 


ea) Seige main routine from subroutine, then skip Bo tereenh SP+(SP)+1 | ow 
unconditionary and skip 
Rearat : Git . PC +(STACK), SP (SP) + sone 
. 
eturn to main routine trom interrupt service routine 1 BANK —Unterrenmstack) 


I 


RETI 


HALT 


Er 
Halt the CPU, restart by condition H HALT oon [on fina} | 
— Core COCO 
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5. ELECTRICAL CHARACTERISTICS (Preliminary) 


ABSOLUTE MAXIMUM RATINGS (T, = 25 °C) 


Supply Voltage Vpp -0.3 to +7.0 V 
POBO-POB3 -0.3 to Vpp+0.3 V 
Input Voltage Vi 
All pins, except above -0.3 to Vpp +0.3 Vv 
Operating Temperature Topt -20 to +75 “Cc 
Storage Temperature T stg ~40 to +125 “GC 


CAPACITANCE (T, = 25°C, Vpp = 0 V) 


CHARACTERISTICS SYMBOL | MIN. | TYP. | MAX. — UNIT CONDITIONS 


RECOMMENDED OPERATING RANGE 


CHARACTERISTICS SYMBOL | MIN. | TYP. | | UNIT | | CONDITIONS 
Supply Voltage 
Vpp2 ree ee fx = 8 MHz 


Cie 


Input Capacitance 


Frequency 


Subclock Oscillation Frequency] fxr | | 
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DC CHARACTERISTICS (Vpp = 2.2 to 5.5 V, Ta = - 20 to +75 °C, fy = 4 MHz, fx 7 = 32 kHz) 


CHARACTERISTICS SYMBOL | MIN. | TYP. | MAX. | UNIT CONDITIONS 
Soreesinon vor | voo [27 [so [es [v | 


RESET pin 


< 


High-level Input Voltage 


Other than RESET 


RESET pin 


Low-level Input Voltage 


Other than RESET pin 


RESET pin ViH=3.0V 
ViH=3.0V 


High-Level Input Current 


POA-P1A pin 


INT pin ViL=OV 


VIL=0V 
w/o pull-up resistor 


RESET pin ViL=OV 


Low-Level Input Current 


w/pull-up resistor 


ViL=OV 


pA 
LA 
pA 
LA : 
w/o pull-up resistor 


Vit =OV 
w/pull-up resistor 


POB, POC, POD, 
P1A, pin 


ViL=OV 


POA,POD,PIA | 
High-Level Output Current pee 


: 


POA, POD, P1A 


Low-Level Output Current POB, POC pin 


VoL = 0.3 V 


BJ 
3 


3 
> 


VoL = 0.3 V 


XT and X 
Operation mode 


= 
> 


Only XT 
Supply Current 
XT and X 
HALT mode 


: | 
J 


3 
> 


Only XT 


LCD Output Voltage 
Adjustable Range 


1.9 
Doubler Output Voltage Vicp1 Vicpo | Vicpo 
2.85 3 
Tripler Output Voltage VLCD2 Vv Vv 
LCDO | YLCDO 


Common Output Current ICOM 30 
Segment Output Current ILCD | 5 | Vps = 0.2 V 


Low Voltage Detection y 

Voltage 1 DET ’ 

Low Voltage Detection y 

Voltage 2 DET2 bs 


uA 


Vps = 0.2 V 


BS ; 


A/D Converter Current 
Dissipation 


BA | Vapc=3V 
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Absolute A/D Conversion 
Accuracy 


NEC PD17201A 


AC CHARACTERISTICS (T, = -20 to +75 °C, Vpp = 2.2 to 5.5 V) 


[—cnanacreniencs | evwao_[wn [We wax [unt | conorrions 
Ec a 

[iT ieurninmiwam [owe | || 
[ReRETiowiamiwas [wn |] | | 


SERIAL INTERFACE AC CHARACTERISTICS (T, =-20 to +75 °C, Vpp = 2.2 to 5.5 V) 


[—enanscrenienes [evweor Twn [we [wax [owt [conomons 


ee 
to5.5V 

roo | 

se 


po} | | | vop=48 
SCK x a a 
SCK Low-Level Width tKH, TKL 


a 


Pes [ 
eee er pe 


SI! Hold Time (vs. SCK t) 


SCK 4 — SO Output Delay 
. Ci = 100 pF 
Time 
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SERIAL TRANSFER TIMING 


Three-line Serial |/O Mode: 


tKCY1 
tKL1 tKH1 
SCK 
tSIK1 


tKSO1 
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RECOMMENDED OSCILLATORS 


Main System Clock: Ceramic Oscillator 


External Oscillation 
capacitor (pf) voltage (V) 
Product name Remarks 
cen fc | wm | max 


Murata Mfg 


KBR3.58MS 


KBR4.0MS 


KBR4.19MS 


rasooncsan | a | 29 | 20 | 60 


Main System Clock: Crystal Oscillator 


Frequency | Fistainer Capacitor (pf) voltage (V) 


OSCILLATOR CIRCUIT 


X1x XOUT 


Cy Co 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The P17207 is a 4-bit single-chip microcontroller for infrared remote controller containing the LCD controller/driver, 
A/D converter, and the remote control carrier generator. 

The pPD17207 employs the 17K architecture. Therefore, data transfer or operation within the data memory or between the 
data memory and peripheral circuit is possible by single instruction. All instructions are 16-bit one word instructions. The 
uPD17207 is packaged in 80-pin plastic QFP. 


FEATURES 
@ Program memory (ROM) 
»#PD17207: 4096 x 16 bits 


e@ Data memory (RAM): 336 x 4 bits) 

@ Built-in infrared remote control carrier generator 

@ Built-in 8-bit A/D converter: 4 inputs 

@ Built-in LCD controller/driver (136 segments max.) 
Common pins: 4, Segments pins: 34 (2 of the common pins can be used as segment pins) 

@ LCD drive voltage boosting circuit with voltage regulator: LCD drive voltage can be boosted up to 2.4 to 5.4 V, 
using the external resistor 

@ Abundant I/O ports pins: 19 

@ Built-in 3-line serial interface 

@ Stack levels: 5 levels 

@ 8-bit timer: 1 channel 

@ Clock timer: 1 channel 

@ Instruction execution time: 4 ps (with 4 MHz resonator connected) 

@ Standby functions: STOP mode, HALT mode 


Clock display is possible with 32.768 kHz crystal in STOP mode 
@ Can operate at low voltage: V,, = 2.2 to5.5 V 
@ 80-pin plastic QFP (14 x 20 mm) 
@ One-time PROM versions: .PD17P207GF-3B9 
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PIN CONFIGURATION (Top View) 


POAQ-POA3 
POBg-P0B3 
POCo-P0C3 
PODg-POD3 
P1Ag-P1A2 
LED 


REM 
LCDg-LCD35 
COMg-COM3 
TMOUT 
woouT 
INT 

RESET 
ADCp-ADC3 


LCD39 
LCD3; 

LCD30 
LCD29 
LCD28 
LCD27 
LCD26 
LCD25 
LCD24 
LCD23 
LCD22 
LCD21 
LCD29 
LCD19 
LCDi8 
LCD17 
LCD16 
LCD15 
LCD14 
LCD13 
LCD12 
LCD41 
LCD10 
LCDg 


oN 
=2 
8 8 
> N 
938 -o0,78 
ASaAaszzaoO 
Ooo0o0OoO0o ct < 4H 
a 2 J O:-O © OO SO 
?O oO OO 2 OC 


~ 
0. 


Os 


oonoanw & WN = 


26 27 28 29 30 31 32 33 34 35 


LCDg O 
LCD? © 
LCDg O 
LCDs O 
LCD4 O 
LCD3 O 
LCD2 O 
LCD; © 


input/output port 

Input/output port 

input/output port 

Input/output port 

Input/output port 

Remote control transmission output 
indication 

Remote control transmission output 
LCD segment signal output 

LCD common signal output 

Timer output 

Watchdog timer output 

External interrupt input 

Reset signal input 

A/D converter input 


Ez 

mo] 
” 
~~ 
N 
o 
~N 
Q) 
AL 
x 

x 

x 

w 
@ 
© 


GND O 
LCDg O 


O Vicoc 
O VicboO 
O XTOUT 
O XTIN 


O WDOUT 


VADC O 
ADCo O 
ADC, O 
ADC2 O 
ADC3 O 
GNDapc O 


XIN. XOUT 
XTin. XTQUT 
SI 


sO 
SCK 
Vicpc 


Vicpo-ViLco2 
CAPH, CAPL 


VREG 
VADC 


VDD 
GND, GNDapc 
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36 37 38 39 40 


XOUT 
XIN 
VDD 
REM 
P1A2/SI| 
P1A4/SO 
P1AQ/SCK 
POD3 
POD? 
POD1/TMOUT 
PODo/LED 
POC3 
POC2 
POC, 
POC 
POB3 
POB2 
POB 
POBo 
POA3 
POA? 
POA) 
POAQ 
INT 


Main clock oscillator circuit 
Subclock oscillator circuit 

Serial data input 

Serial data output 

Serial clock input/output 

LCD drive reference voltage adjust- 
ment 

LCD drive reference voltage output 
Booster capacitor connection pins 
Subclock voltage regulator output 
A/D 
input 


converter reference’ voltage 
Power supply pin 


Ground 


E uPD17207 


BLOCK DIAGRAM 


O VREG 
O VDD 
O CAPH 
p O CAPL 
ine O VLCcDO 
creuit_ |e Veen! 
O VicD2 
O VLCDC 
PIAQ/SCK U 
P1A,/SO © - Serial -—_ O GND 
Ty ve 
ee O LCDo 
O LCD, 
O LCD? 
O LCD3 
a LCD, 
RAM LCD 
336 x 4 bits x Controller H 6 
O LCD33 
O COM3/LCD34 
ie O COM2/LCD35 
POA, O mee (—" ou 
POA2 O subane 
POA3 O 
POBg O 
POB; O —_ Interrupt — 
POB2 O ee Controller 
POB3 O 
se ROM 
4096 x 16 bits O VADC 
POCg O (uPD17207) 
POC; O O ADCo 
ee O FOC __) 
2 O ADC, 
POC3 O —_—-! A/D 
° O ADC2 
PODg/LED O a O ADC3 
POD}/TMOUT O a 
®@ 
iy a) oo eee GNO apc 
ae anes aca 
RESET 
— Stack 5 x 12 bits 
CPU Clock WDOUT 
REM 
O XOUT 
CPU Clock 
XTOUT 
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FUNCTION LIST 


3072 x 16 bits 4096 x 16 bits 
Mask ROM Mask ROM One-time PROM 


336 x 4 bits 


4 us (with 4 MHz resonator connected) 
5 levels (Multiple interrupt: up to 2 levels) 

E oO 
@ 8-bit, 3-line: 1 channel 


@ 4channels 
External interrupts: 1 channel 
Internal interrupts: 3 channels 


Interrupts 


@ 2systems 
8-bit timer 
Clock timer (also serves as watchdog timer) 


Standby functions @ STOP mode, HALT mode 
Operating voltage Vpp=2.2 to 5.5 V 


Timers 
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uPD17P207 is a model of 4PD17207 which is equipped with a one-time PROM in place of the uPD17207 


internal mask ROM. 
Sice the user can write the program to yPD17P207, the microcontroller is suitable for experimental or small-scale 


production of uPD17207 systems. 
It is recommended that you also read the documents related to H#PD17207, in addition to this data sheet. 


FEATURES 
@ Compatible with uPD17207 
@ Internal one-time PROM: 4096 x 16 bits 


@ Operating voltage range: 2.2 to 5.5 V 


ORDERING INFORMATION 


Order Code Package Quality Grade 
uPD17P207GF-3B9 80-pin-plastic QFP (14 x 20) Standard 
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PIN CONFIGURATION (Top View) 


(1) Ordinary operation 


a 

2) g a] CS « O ©o F&F 5 ~ 

PePe2ee Fo og 328 oh 

JS 412460060 0'O > > Fe > X X IF > I 

<00000060606dUC~CMdUlUlUk8lULU9 lL 9 9 0 2 

so} |79} fra} [77] fr} [75h brs] fs} [72] 17] fro} foo} fos} [67] [66] fs) 
LCD32 o Ey 64) © XQUT 
LCD31 o 2 | © XIN 
LCD39 © 3 | © VDD 
LCD29 © 4 | 61] Oo REM 
LCD2g © Be) | 60) © P1Ad/SI 
LCD97 © 6 | E) © P1A1/SO 
LCD26 © 58] © P1AQ/SCK 
LCD25 0 8 © POD3 
LCD 4 0 9 | 56] © POD? 
LCD23 0 10) 55) © POD1/TMOUT 
LCD29 © 54] © PODo/LED 
LCD © 12] © POC3 
LCD209 © © POC? 
LCD1g © 14 © POC] 
LCDjg © 15 | 150] © POCo 
LCD 17 o-—__fig| [ag}-—+o POB3 
LCD16 O 48 | O POB2 
LCD15 0 18) Oo POBy 
LCD 14 © 19] 46 | 0 POBg 
LCD13 0 45] © POA3 
LCD12 0 21] 44] © POA2 
LCD O O POA, 
LCD19 ° 23) © POAQ 
LCDg © 24] 41] Oo INT 

sy [2s] [ez] [ee] (22) [eof [sf [ee tet led est ee} ey Bel bel Eo 

,%§ &§ § & & §& & 6 & 6 6 6 6 6 € 

PES eSeARSEFEFSRPBERTES SB 

gge¢egsgeosese99es 

Zz 
O 
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(2) In PROM programming mode 


(OPEN) 
(OPEN) 


(L) 


feof Yr} }7e} 477] Pre} [rsh [rs] fr} $72} f73} fro} feo} Joe] fo7] fos} fos} 


—] OC [64 (OPEN) 
O Oo CLK 
. © VDD 
4 | 61] © (OPEN) 
O | 60| O 
O 59 O 
O 58 O 
O 8 | Oo } (L) 
O 9 | ° 
O 10 | 6 
O O 
(OPEN) | ee 
© Dg 
. © Ds 
O 0 D4 
. 49] © MD3 
° 48) © MD2 
0 O MD4 
0 46] © MDo 
. 0 D3 
° 44] © D2 
O 22 OD 
. © Do 
cl © Vpp 
25) [26} (27) (2eJ Leaf Leo} [ey [e2f [e9y Le] eel el 22d eel 9} [eo 
oo 8 60. 6o x Oo 0 0 60 6 6 6 6 6 
2278 —— 8 
2 Oo a > a a 
: : g 
Note : (_ ) indicates processing for pins not used in the PROM programming mode. 
L : Ground each of these pins through a 470 2 resistor. 


OPEN : Do not connect these pins. 


2-461 


uPD17P207 E 


BLOCK DIAGRAM 


Voltage 
Detecter 
O VREG 
O VpD 
O CAPH 
Salad O CAPL 
Supply O VLCDO 
Circuit O VLCD1 
OU VLCD2 
PIAG/SCK O = O VLCDC 
Serial 
P1A1/SO O —_ 
v0 OTT V0 bY 
P1A2/SI © O LCDo 
O LCD; 
O LCD? 
O LCD3 
® 
_ RAM oe 
336 x 4 bit 
O LCD33 
aes © COM3/LCD34 
O COM2/LCD35 
POA4/D1 O 
POA2/D2 O — (—/ : aa 
POA3/D3 O ’ 
POBg/MDg O 
POB1/MD1 O Interrupt 
O 
POB2/MD2 O POB —_ Controller ITVEe 
POB3/MD3 O a 
O VADC 
POCp/D4 O PROM 
POC;/Ds5 O 4096 x 16 bits aoe 
POC2/Dg O O ADC, 
POC3/D7 O (Al 
O ADC2 
POD)p/LED O O ADC3 
P0D1/TMOUT O a 
POD? © (——TProsram Counter en 
POD3 O S=ec7T 
= Stack 5 x 12 bits 
CPU Clock hdl 
REM O 
ea 
O XOUT 
CPU Clock 
Counter 
XTOUT 
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1. PIN FUNCTIONS 


1.1 IN ORDINARY OPERATION MODE 


Output 
format 


These are the segment signal output pins for the 
LCD driver, LCD35/COM2 and LCD34/COM3 
pins are multiplexed pins equipped with segment 
signal output and common signal output functions. 
Whether the segment signal output function or com- 
mon signal output function is selected is specified 
by LCDMD3 through LCDMDO (address 32H, bits 
3-0) of the register file. The number of display 
dots can be selected by the matrix of segment 
signal output pins and common signal output pins 
from 72, 105, or 136 dots. The bias is fixed to 1/3. 

78 LCD35/COM2 Duty factors of 1/2, 1/3, and 1/4 can be selected, 

79 LCD34/COM3 depending on the selected number of common 

80 LCD33 Output Obaagmentsianal signal output pins. The frame frequency can be 

1 LCD392 selected by LCDCK2-LCDCKO registers (address 

32 LCD4 31H) for the register file. The dot corresponding 

34 LCDo to a segment signal output pin and a common 
signal output pin, between which a potential 
difference of +Vpp is generated illuminates. 
Display data are set in the LCD driver through LCD 
display register (address 40H-63H of BANKO). 
The display ON mode and display OFF mode for 
the LCD driver are selected by the LCDEN register 
(address 31H, bit 3) for the register file. In the 
display OFF mode, the segment signal output pin 
outputs a signal waveform that extinguishes the 
dispiay. When reset is effected by the RESET pin, 
the voltage detector detecting a voltage drop, or 
the watchdog timer, the LCDEN register is set in 
the ae OFF mode. 


| Ground Device |Devicegroundpin pin 


This pin supplies power to the A/D converter. 
ADC ieee Connect this pin to the Vpp pin. 
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These pins are input pins for the 8-bit A/D converter, 


which can function as either an 8-bit A/D converter 


or a comparator, depending on the settings used in 
VREFEN, ADCEN, ADCCH1, and ADCCHO 
(address 21H), for the register file. The A/D con- 
verter is of successive approximation type. The 


A/D converter input 0 ; 
reference voltage for the converter is created by 


dividing the voltage of an analog power supply 


A/D converter input 1 . . . i 
(VADC pin) with a registor string. 


The A/D converter can use a total of six channels, 
formed by pins ADCo through ADC3. The com- 
parator is provided with a total of two channels 


38 A/D converter input 2 


39 A/D converter input 3 


with one channel consisting of pins ADCg and 
ACD92 and the other of pin ADC, and pin ADC3. 
Whether the A/D converter or comparator is used, 
and which channel is selected, are specified by 
VREFEN, ADCEN, ADCCH1, and ADCCHO 
(address 21H), for the register file. 


| 40 | GNDapc fo = [| = | Analog ground This is the ground pin for the A/D converter. 


This pin inputs an external interrupt request signal. 
INT Input _ Interrupt 


CMOS 
1/O Port OA 
push-pull 
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The interrupt request is issued at the rising edge 


of the signal input to this pin. 


Even when an interrupt request has been issued, 


the interrupt is not accepted unless it is enabled 


(maskable interrupt). All interrupts can be enabled 


by the El instruction, or only a selected interrupt 
can be enabled by the INT pin. 

Enabling an interrupt by the INT pin is specified 
by IP (address 2FH) for the register file. 

If an interrupt is enabled, and when an interrupt 


request is issued, the interrupt is accepted. When 


an interrupt has been accepted, the program is 


executed, starting from address 03H. 


Whether an interrupt request has been issued can 
be checked by IRQ (address 3FH) for the register 
file, even when the interrupt is not enabled. 

When reset is effected by the RESET pin or watch- 
dog timer, all interrupts are disabled and all inter- 


rupt requests are cleared. 


These pins constitute a 4-bit general-purpose |/O 


port, which can be set in the input or output mode 
in 4 bit units (group I/O) by POAGIO (address 37H, 


42 

43 bit O) for the register file. The input data is read 
4A and output data is set by port register POA (address 
45 70H for BANKO). These port pins are internally 


connected with pull-up resistors. 
When reset is effected by the RESET pin or watch- 
dog timer, these pins are set in the input mode. 


uPD17P207 


Output 
format 


These pins constitute a 4-bit general-purpose |/O 
port, which can be set in the input or output mode 
in 4 bit units (group !/O) by POBGIO (address 37H, 
46 POBo bit 1). The input data is read or output data is set 
47 POB4 1/0 ae Port OB by port register POB (address 71H for BANKO). 
48 POB2 open drain Since these pins are N-ch open-drain, they must be 
49 POB3 connected to external pull-up resistors. 
When reset is effected by the RESET pin or watch- 
dog timer, these pins are set in the input mode. 
These pins constitute a 4-bit general-purpose |/O 
POCo 
hae, /O veh PortCC 
open arain 


port, which can be set in the input or output mode 
CMOS 
1/O 
push-pull 


in 4-bit units (group 1/0) by POCGIO (address 37H, 
bit 2). The input data is read and output data is 

set by port register POC (address 72H for BANKO). 
Since these pins are N-ch open-drain, they must be 

connected with pull-up registors. 

When reset is effected by the RESET pin or watch- 
dog timer, these pins are set in the input mode. 


These pins constitute a 4-bit general-purpose I/O 
port. Of these four pin, PODO also function as an 
LED output pin (LED), and POD1 serves as the 
external signal output pin for the timer (TMOUT). 
Whether the port pin, LED output, or timer output 
function is used is specified by NRZEN (address 
23H,bit 2) and TMOE (address 23H,bit 1) for the 
register file. 
When reset is effected by the RESET pin or watch- 
dog timer, these pins are set in the input mode. 
(1) When 4-bit I/O port function is used 
The port can be set in the input or output 
mode bitwise (bit 1/O) by PODBIO3 through 
PODBIOO (address 27H, bits 3 through 0) for 
the register file. 


PODg/LED 
POD,/TMOUT 
POD? 

POD3 The input data is read or output data is set 
by port register POD (address 73H for 
BANKO). 

(2) When PODo pin is used as LED output pin 
Whether this pin functions as an 1/O port pin 
(PODg) or LED output pin is specified by 
NRZEN. As an LED output pin, NRZ signal 
is Output in synchronization with REM output. 

(3) When POD, pin is used as external signal out- 

put pin for 8-bit timer 

Whether this pin functions as an I/O port pin 

(POD) or timer output pin is specified by 

TMOE. 
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Output 


format 


These pins constitute a 3-bit general-purpose |/O 
port. They also form 2 serial interface. 
Whether these pins function as port pins or serial 


interface pins can be specified by SIOEN (address 
23H, bit 0) for the register file. 

When RESET is effected by the RESET pin or 
watchdog timer, these pins are set in the input 


mode. 

(1) When used as 3-bit I/O port 
The port can be set in the input or output 
mode in 3 bit units (group 1/0) by P1AGIO 
(address 37H, bit 3) for the register file. 
The input data can be read or output data 


P1Ag/SCK 
P1A4/SO 
P1A2/SI 


CMOS 
1/0 PortiA 
push-pull 


can be set by port register P1A (address 70H 
of BANK1). 
When used as serial interface 
The serial interface (“COM standard mode) 

function for these pins is selected by SIOEN. 


Remote controller This pin outputs an infrared remote controller 


CMOS 
push-pull 


REM Output transmission signal. The carrier frequency can be set from 16 to 


1,024 kHz. 


Main clock Connect a 4 MHz ceramic/crystal oscillator across 
oscillation 


a ~ Se 
Voltage regulator 
VREG Output 
output 


whe CMOS 
67 WDOUT 
push-pull 
68 XTIN Input 
XTOUT Output 


74 
_ al 
70 
72 
73 
74 
78 


output 


these pins. 


This pin inputs a system reset signal. 


The system is reset, when a lower-level signal is 


input to this pin for 50 us or longer. 


This is the output pin for the voltage regulator. 
Connect an external 0.1 uF capacitor to this pin. 


This pin goes low, when overrunning, such as 


Watchdog output watchdog timer operation and stack overflow, is 


detected. 


Subclock 
oscillation 


Connect a 32 kHz crystal oscillator across these 


pins. 


This pin adjusts the reference voltage for the LCD 


LCD drive reference driver. Connect variable resistors for reference 


voltage adjustment voltage adjustment between V;_cpo and VLCDC, 


and between Vicpc and GND. 


These pins output the reference voltages for the 
LCD driver. VLCDo outputs the reference voltage, 


VLCD1 Outputs a voltage two times the reference 


voltage (doubler output), and VL_Cp2 outputs a 


voltage three times the reference voltage (tripler 


LCD drive reference 


Output output). 


voltage output 
Connect variable resitors for reference voltage 


adjustment between V_Cpo and VLCDC, and 


between VicCpc and GND. In addition, connect 


a 0.47 uF capacitors between ViLCpo and VLCp1, 


and VLcp2 and GND. 


Voltage raising Connect a 0.47 uF capacitor, to raise the voltage 


capacitor across these pins. 


CAPH 
CAPL 
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Symbol 1/O Ouiput 
format 


76 COMg : 
Output CMOS Common signal 
77 COM, 
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These pins output the common signals from the 
LCD driver. In addition, LCD35/COM?2 and 
LCD34/COM3 pins can also be used as common 
signal output pins. 


Whether the segment signal output function or 


common signal output function is selected is 
specified by LCDMDO and LCDMD1 registers 
(address 32H) for the register file. The number of 
display dots can be selected by the matrix of seg- 


ment signal output pins and common signal output 
pins, from 72, 105, or 136 dots. The bias is fixed 
to 1/3. Duty factors of 1/2, 1/3, and 1/4 can be 
selected, depending on the selected number of 


common signal output pins. The frame frequency 
can be selected by LCDCKO and LCDCK1 registers 
(address 31H) for the register file. The dot corre- 


sponding to a segment signal output pin and a com- 


mon signal output pin, between which a potential 


difference of +Vpp is generated, illuminates. 

The display ON mode and display OFF mode for 
the LCD driver are selected by the LCDEN register 
(address 31H) for the register file. In the display 


OFF mode, the common signal output pin outputs 
a signal waveform that extinguishes the display. 
When reset is effected by the RESET pin, the 
voltage detector, upon detecting a voltage drop, 
for the watchdog timer, the LCDEN register is set 
in the display OFF mode. 


uPD17P207 


1.2 IN PROM PROGRAMMING MODE 


rong FOR 
8-bit data I/O pin 


rd 1 
woovemoa | nwt | Opto FOE | Onwctonnadewaenersis | ut 


Apply the program voltage (12.5 V) to this pin. In the 
| _— 
ordinary operation mode, this pin is used as the INT pin. | 
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1.3 1/0 CIRCUITS 
The simplified 1/O circuits schematic views for 4 PD17P207 pins are presented below. 


(1) POAg to POA3 


VpD VpD 
Output 
Mate latch Tt] ) O Pch 
R (O) 
output rT) > O Neh 
disable 
Multiplexer 


Input buffer 


(2) POBg to POBs 


data Output 
latch 
output 
disable 


Input buffer 


2-469 


uPD17P207 


(3) POCp to POC3 


data eee 
a 
i . : 


output 
disable 


Multiplexer 
Input buffer 
(4) PODo to POD3 
VDD 
Output 
data 
latch Tt) O Pch 
X (O) 
output a © Nch 
disable 
Multiplexer 


Input buffer 
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(5) P1Ag to P1A2 


VDD 
ax Output 
latch Tl] a 
X (©) 
Output a eo Neh 
disable 
Multiplexer 


Input buffer 


(6) RESET 


Input buffer 
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2. WRITING, READING, AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 


When the PROM is to be written, read, or verified, uPD17P207 is set in the PROM mode, and the pins shown 
in Table 2-1 are used. 
No address has to be input. Instead, the address is incremented by the clock input from the CLK pin. 


Table 2-1 Pins Used to Write/Read/Verify Program Memory 
evel: peediam voltage ei 5 vit to this pin. 
jvm | Snsunmutpin erp a 
CLK Address incrementing clock ape pin. 
Operation mode selector pins. 


8-bit 1/O pins. 


Apply operating voltage (6 V) to this pin. 
Apply 2.2 to 5.5 V in ordinary operation mode. 
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2.1 OPERATION MODES FOR PROGRAM MEMORY WRITE, READ, AND VERIFY 

LPD17P207 is set in the program memory write, read, or verify mode, when +6 V is applied to pin Vpp, and 
+12.5 V is applied to pin Vpp, after being placed in the reset status (Vpp = 5 V, RESET = low level) for a certain 
period of time. 

The operation modes, selected by pins MDO through MD3, are listed in Table 2-2. 


uPD17P207 


Any pins not used to write, read, or verify the program memory must be grounded through pull-down resistors 
(470 §2). 


Tabie 2-2 Operation Modes for Program Memory Write, Read, and Verify 


Operation mode selection 


Operation mode 


Write mode 


Hoe | ah oT 
H SH Read, verify mode 
H oH | Program inhibit mode 


Remarks: x: LorH 


2-473 


uPD17P207 NV KE Cc 


2.2 PROGRAM MEMORY WRITING PROCEDURE 
Write the program memory by following these steps. The program memory can be written at high speeds. 


(1) Pull down the unused pins to the ground potential through resistors. Make the pin CLK low. 
(2) Apply 5 V to pin Vpp. Make pin Vpp low. 
(3) Wait for 10 us. Then, apply 5 V to pin Vpp. 
(4) Set the program memory address 0 clear mode by the mode selector pins. 
(5) Apply 6 V to pin Vpp, and 12.5 V to pin Vpp. 
(6) Program inhibit mode 
(7) Write data in the 1 ms write mode. 
(8) Program inhibit mode 
(9) Verify mode. Proceed to (10), if the memory has been written. If it has not been written, repeat (7) 
through (9). 
(10) Additional writing for (the number of times (7) through (9) are repeated: X) x 1 ms 
(11) Program inhibit mode 
(12) Input a pulse four times to pin CLK, in order to increment the program memory address (by one). 
(13) Repeat (7) through (12), until the last address is programmed. 
(14) Program memory address 0 clear mode 
(15) Decrease the voltages on pin Vpp and Vpp to 5 V. 
(16) Turn power off. 


The following figure illustrates steps (2) through (12) above. 


X times repetition 


Reset . - aeidnanar write Address 

Write erify .dditional wri (cece 
VPP 

VpP 
VoD 
GND 
V +} 
Vpp DD 
VDD 
GND 
XIN VL 


MD / \ aaa 
MD> nee eas 
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2.3 PROGRAM MEMORY READING PROCEDURE 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


(8) 
(9) 
(10) 
(11) 


Pull down the unused pins to the ground potential through resistors. Make the pin CLK low. 
Apply 5 V to pin Vpp. Make pin Vpp low. 

Wait for 10 us. Then, apply 5 V to pin Vpp. 

Set the program memory address 0 clear mode by the mode selector pins. 

Apply 6 V to pin Vpp, and 12.5 V to pin Vpp. 

Program inhibit mode 

Verify mode. The data for each address is output on a one-by-one basis in a cycle during which the clock 
pulse is input to pin CLK four times. 

Program inhibit mode 

Program memory address O clear mode 

Decrease the voltages on pin Vpp and Vpp to 5 V. 

Turn power off. 


The following figure illustrates steps (2) through (9) above. 


Vpp 


VDD 


VpP Bee tein 


VDD 
GND 


Voor! fron 


VDD 
GND 


MDg / \ > ae 


Seen 


es _f eee 
MD3 fT \ 
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3. ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (T, = 25 °C) 


Supply Voltage Vop —0.3 to +7.0 V 
POBO-POP3 —0.3 to Vpp 10.3 V 
Input Voltage V\ ; 
All pins, except POBO-POP3 —0.3 to Vpp+0.3 V 
Operating Temperature Tse: —20 to +75 a & 
Storage Temperature Tstg —40 to +125 °C 


CAPACITANCE (T, = 25 °C, Vpp = 0 V) 


CHARACTERISTICS SYMBOL UNIT CONDITIONS 


Input Capacitance SE 
Cpin Ff | 0 fer Other than pins INT, SI, RESET 


RECOMMENDED OPERATING RANGE 


| CHARACTERISTICS SYMBOL Bein kc ST CONDITIONS 


Supply Voltage 


Main Clock Oscillation Frequency 


Subclock Oscillation Frequency 
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DC CHARACTERISTICS (Vpp=z2.2 to 5.5 V, Ta=—20 to +75 °C, fx =4 MHz, fx7=32 kHz) 


CHARACTERISTICS SYMBOL MIN. TYP. UNIT CONDITIONS 


ViH1 RESET pin 


vies | 24 | 


Vivi 


High-Level Input Voltage 


Other than RESET pin 


Low-Level Input Voltage RESET pin 


Other than RESET pin 


VIL2 


High-Level Input Current 


rf roa | wa | RESET | vin=aov 
02 | 4a |romrtann | viwsaov 
Low-Level Input Current : aa | INTpin = | M=OV 
lWL2 : ViL=OV 
w/o 


pull-up resistor 


o 


'1L3 ViL=OV 


W/pull-up resistor 


fo) oO 
NO} Np 


RESET pin 


PO 


uA 
uA 
MA 
uA 
uA 
uA 


'1L4 VIL=OV 


w/o 


pull-up resistor 


ViLzOV 
w/pull-up resistor 
POB, POC, POD, P1A | Vit =O V 
pin 


POA, POD, P1A pin 
[meen | Von=t0v 
[remo | Vouraav 


Both XT and X 
oscillate 


mA Both XT and X 
fal baal 
z 
Vv 


Doubler Output Voltage VLCD1 1.9VLCDO |2 VLCDO 
Vicp2 | 2-85 VLcpo | 3 VLCDO 
Segment Output Current ILCD Poe LA Vps = 0.2 V 


Low-Voltage Detection 


NLS 


> 
v. 
5 


liL6 


© 
N 
= = 


High-Level Output Current 


~ 
Oo 


Low-Level Output Current 


Colo lo|0|o -|= = 

eee) € all ; 

Wily ||] ty ] = = |W = 
4 


2.5 


mA 
mA 
mA 
mA 

A 


Supply Current 


9° 
N 


IDD1 m 


Operation mode 


o| oO 
4 @ 


Voltage 1 


Low-Voltage Detection 
Voltage 2 
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CHARACTERISTICS SYMBOL | ia eae Ral UNIT | CONDITIONS. 


A/D Converter Current 120 Vapc=3V 
Dissipation 

A/D Converter Absolute Vapc=3V 
Accuracy 


AC CHARACTERISTICS (Tg = —20 to +75 °C, Vpp = 2.2 to 5.5 V) 


CHARACTERISTICS SYMBOL ae Eee UNIT CONDITIONS 


Subclock Oscillation 32.768 
Frequency 

INT Input High-Level at) 

Width 


RESET Low-Level Wicth foal ol Od 
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RECOMMENDED OSCILLATOR 


MAIN SYSTEM CLOCK: CERAMIC OSCILLATORS 


External capacitance Oscillation voltage range 
Manufacturer Product name (pF) (V) Remarks 


[esasene [0 a fe 
re 
sf 20 | 80 
Murata Mfg 
unnecessary 
a 
peaneious | 
| 
pe 


CRHF4.00 
Dai-Shinku PRSO400BCSAN 


Oscillation voltage range 


Frequency 


Manufacturer ice 
(MHz) Remarks 
MAX. | 
jKineki | 40 | eau a 
Oscillator 
XIN XOUT 
C1 C2 
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SERIAL INTERFACE AC CHARACTERISTICS (T,=—20 to +75 °C, Vpp =2.2 to 5.5 V) 


CHARACTERISTICS SYMBOL | omin. | Typ, | MAX. UNIT CONDITIONS 
us 


caf | 
Vpp = 4.5 to 5.5 V 
SCK Cycle Time tKCY 
reo [| 
cso | | 


Data input 
nate, oo | 


SERIAL TRANSFER TIMING 


Vpp = 4.5 to 5.5 V 
Data output 


SCK Low-Level Width 


Data input 


Data output 


3-line serial |/O mode: 


tKCY1 


SCK 
tKSI1 
S| d Input data 
°° 
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DC PROGRAMMING CHARACTERISTICS (T,=25 °C, Vpp =6.0+0.25 V, Vpp=12.5+0.5 V) 


[cunnacrenienies | evweot [win | a wax | unit | conomons 
Other than CLK 
pe | fw [vie 

Fou tawcurene | ur | |e vc 
ee ee ce 
es er 
ae 


Vpp Supply Current 


Low-Level Input Voltage 


Vpp Supply Current pp 


Note 1: Keep Vpp to below +13.5 V, including the overshoot. 
2: Apply Vpp before Vpp, and remove Vpp after Vpp. 
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AC PROGRAMMING CHARACTERISTICS (T, = 25 °C, Vpp = 6.0+0.25 V, Vpp = 12.5+0.5 V) 


CHARACTERISTICS SYMBOL Post | min. | TYP. | MAX. | UNIT CONDITIONS 
aaron taunt? woo | ws [us]? | | [=| 


ior rope noo | “wie [oes] 2 || 
Data Setup Time (vs. MDO }) tps | tos | 2 | 


rs : 
ee 


Data Hold Time (vs. MDO fT) tDH 
MDO t~ Data Output Float Delay Time tor 


Vpp Setup Time (vs. MD3 1) 


tvPs 


Vpp Setup Time (vs. MD3 f) 


tvDS tvcs 


Initial Program Pulse Width 


Additional Program Pulse Width 


n 


MDO Setup Time (vs. MD1 1) us 


us | MDO=MD1= Wi, 


Ss 


tCEs 
MDO 4~ Data Output Delay Time tov tov 


MD1 Hold Time (vs. MDO +) tM1H 


MD1 Recovery Time (vs. MDO J) 


Program Counter Reset Time tPCR 


is Ez 
n n 


CLK Input High-Low-Level Width tXH, tXL 


Bos 
a 


CLK Input Frequency 


x< 


Initial Mode Set Time 
MD3 Setup Time (vs. MD1 f) 


MD3 Hold Time (vs. MD1 4) tM3H 


MS 
: 


When program memory is read 
pos 
*1: Symbols for corresponding uPD27C256 


*2: The internal address signal is incremented by one at the falling edge of the third CLK input and is not connected to a pin. 


MD3 Setup Time (vs. MDO J) 


Address "2 — Data Output Delay Time tpAD tacc 


Address” 2 > Data Output Hold Time tHAD tOH 


MD3 Hold Time (vs. MDO fT) 


MD3 4~> Data Output Float Delay Time tDFR 


Reset Setup Time 


2-482 


E uPD17P207 


PROGRAM MEMORY WRITE TIMING 


tRES 
tvPS 
VPP 
VPP Vpp 
GND ips 
Vppt1 i 
Vpop DD 
VDD 
GND 
CLK 
u tDF 
MDO 
ey Hef tMOS 
MD1 ‘ \ 
wecrf— Tins tM1H 
MD2 
tM3H 
tM3S 
MD3 \ 
PROGRAM MEMORY READ TIMING 
tRES 
tvVPS 
Vpp ——$$_$_<$_—___—__ 


VpP 


VDD 

GND tvps 
VDD 

VDD 


tXH 
GND 
CLK / \ 
tKL DAD 
tHAD j 
DO to D7 { Data output J Data output 
| tov tDFR 
t| tM3HR 


MDO 


MD1 


MD2 


‘M3SR 
MD3 
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4-BIT SINGLE-CHIP MICROCONTROLLER 
WITH LCD CONTROLLER/DRIVER FOR INFRARED REMOTE CONTROLLER 


uPD17202A is a 4-bit single-chip microcontroller containing an LCD controller/driver and an infrared remote 
controller carrier generator circuit. 

This microcontroller employs the 17K architecture and can execute transfer and arithmetic operations with a 
single 16-bit instruction between data memory addresses and between the data memory and a peripheral circuit. 

yPD17202A is housed in a 64-pin plastic QFP. 


FEATURES 

@ 17K architecture 

Program memory (ROM): 2048 x 16 bits 

Data memory (RAM): 112 x 4 bits 

Internal infrared remote controller carrier generator 


Internal LCD controller/driver (can display up to 96 segments) 
Common pins: 4, segment pins: 24 (two of the common pins can also be used as segment pins), internal LCD 
constant voltage supply circuit: LCD drive voltage can be arbitrarily set at 2.4 to 5.4 V by external resistor 
1/O ports: 16 
External interrupt pin: 1 
Stack levels: 5 (two interrupt levels) 
8-bit timer: 1 channel 
Watch timer: 1 channel (used as watchdog timer or watch timer) 
Standby function: STOP and HALT 
(to reduce current dissipation) 


@ Instruction execution time: 4 us 

(with 4 MHz ceramic oscillator) 
@ Operation clock: 4 MHz or 32 kHz 
@ Operating voltage range: 2.2 to 5.5 V 


ORDERING INFORMATION 


Order Code Package Quality Grade 
uPD17202AGF-xxx-3BE 64-pin plastic QFP Standard 
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PIN CONFIGURATION (Top View) 


0 COM2/LCD25 
O.COM, 

0 COMg 

O CAPH 

O CAPL 
YVicD2 
OGND, 
OVLCD1 
0 VicDo 
9 Vicpoc 
O VDET 
DO VREG 
Y XTOUT 


COM3/LCD240 O XTIN 
LCD23¢ 0 VDOOUT 
LCD22C U RESET 
LCD21C D XOuT 
LCD29 © O XIN 
LCDi9@ 0 VoD 
LCDig @ O REM 
LCD17@ - O TMOUT/LED 

:) | 
LCD16¢ = 0 POD3 
S 
8 
LCD15¢ a O POD? 
be 
LCD14© x O POD; 
A) 
oO 
LCD13C m O PODp 
LCD120 O POC3 
LCD;110 0 POC2 
LCD190 O POC 
LCDg © © POCp 
LCDg © DO POB3 
LCD7 © O POB2 
LCDgO O POB, 


@ e . @ @ @ e e e @ ® @ @ 
+ OM N = OD oO LE - x oO 

oe 6 4 6 6 & ££ g«< F$ 2 

s8§& 38 §§ § 225 § § S B 
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BLOCK DIAGRAM 


© VDOUT 
VDET 


Voltage 
Detecter 


VREG 
VDD 
CAPH 
CAPL 
VLCDO 
VLCD1 
VLcD2 
VLCDC 
GNDo 
GND, 


Power 
Supply 
Circuit 


POA 
POA, 


OAs POA oe 


POA3 O 


LCDo 
LCD, 
LCD 
LCD3 
LCD4 


RAM 
112x4 bit 


POBo 
POB, 
POB2 
POB3 


LCD 
Controller 


LCD93 
COM3/LCD24 


COM2/LCD25 
COM}, 


COMg 


Interrupt 
O INT 
Controller 
Instruction 
ROM 
2048 x 16 bit 


OodOdOd0 
vu 
oO 
iss) 


POCo 
POC, 
POC) 


POC3 


OOd 0 
v 
io) 
‘o) 


PODg O 
POD, O 
POD2 O 
POD3 O 
Program Counter 
REM O ati RESET 
pa - Stack 5x11 bits 
Divider 
TMOUT/LED O CPU Clock 
XOUT 
Timer? CPU Clock 
Counter 
XTOUT 
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1. PIN FUNCTIONS 
1.1 PIN FUNCTION LIST 


SYMBOL PIN NAME 


FUNCTION OUTPUT TYPE 


These pins constitute a 4-bit 1/O port which can be 
set in input or output mode in 4 bit units. 

In output mode, the port serves as a CMOS output 
port. In input mode, the port serves as a CMOS 
input port with pull-up resistor and can be used for 
key return input for a key matrix. 

If any one of these pins is made low in standby 
mode, the standby mode is released. 


These pins constitute a 4-bit 1/O port which can be 
set in input or output mode in 4 bit units. 

In output mode, the port serves as a CMOS output 
port. In input mode, the port serves as a CMOS input 
port with pull-up resistor and can be used for key 
return input for a key matrix. 

If any one of these pins is made low in standby 
mode, the standby mode is released. 


These pins constitute a 4-bit |/O port which can be 
set in input or output mode in 4 bit units. 

In output mode, the port serves as an N-ch open- 
drain port and can be used for key source output for : 
. . N-ch open drain 
a key matrix. In input mode, the port serves as a 
CMOS input port. 

The standby mode cannot be set, when any one of 


these pins outputs a high level. 


These pins constitute a 4-bit |/O port which can be 


set in input or output mode in 4 bit units. 

In output mode, the port serves as an N-ch open- 
drain port and can be used for key source output for : 
. ; N-ch open drain 
a key matrix. In input mode, the port serves as a 
CMOS input port. 


The standby mode cannot be set, when any one of 


these pins outputs a high level. 


——— 
External 


interrupt 


input 


This CMOS input pin inputs an external interrupt 
signal. 


Remote 
controller 


TMOUT/LED transfer/ 
display 


Output 


Remote 
controller 
transfer 
output 


This pin outputs an NRZ (LED) signal in synchroni- 


zation with an infrared remote controller signal, or 
8-bit timer’s output signal (TMOUT). When the NRZ 
signal is selected and while the remote controller 


carrier is output, this pin remains low. 


This pin outputs an active-high infrared remote - 
controller signal. 


Main clock 
oscillator 


Connect a 4 MHz ceramic/crystal oscillator across 


these pins. 
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PIN NO. SYMBOL PIN NAME FUNCTION OUTPUT TYPE 


This pin inputs the system reset signal. 
Reset input | While a low level is input to this pin, main clock 


| oscillation stops. 


Low 


voltage This is the output pin for the internal low-voltage 


detector detector circuit, It outputs a low level, if the supply 
circuit voltage drops below the specified value. 
Output 


Subclock 


. Connect a 32 kHz crystal oscillator across these pins. 
oscillator 


Se! en ee ee — aaiven eames een ees Geico a a 
This is the output pin for the voltage regulator for 


Voltage 
regulator the XT oscillator. Connect an external 0.1 uF 
output capacitor to this pin. 


Voltage . . 
Connect a resistor, that adjusts the voltage level 
detector a: 
detected by the voltage regulator, between this pin 
54 VDET voltage 


; and GND. The resistor is a variable resistor with 
adjuster 


a several megohms resistance. 
circuit 


This pin adjusts the reference voltage for the LCD 


driver, 


Example: 
LCD driver 
reference 


55 Vv voltage 
LCDC adjuster 
circuit 


input 


LCD 
driver 


These pins output the voltage obtained by raising 


the reference voltage for the LCD driver. 


reference The reference voltage is the voltage on Vi coo. 


voltage Connect a 0.47 uF capacitor between V;| cp and 


output ViLcpD2 and GND. 


Voltage 
raising 


Connect a 0.47 uF capacitor across these pins to 


: raise the voltage. 
capacitor 


Common 


LCD drive common output pins. 


output 


Common/ 


LCD25/COM2 
LCD24/COM3 


These pins can be used to output either LCD drive 
common or segment signals. 


segment CMOS 


output 


Segment . . 
LCD23-LCDg These are LCD drive segment output pins. 
output 
y Power supply pin. 
0D The operating voltage range is from 2.2 to 5.5 V. 


GND 


GND, 
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1.2 INPUT/OUTPUT CIRCUITS 


The input/output circuit for each uPD17202A’s pin is shown below. 


(1) POAg-POA3, POBg-POB3 


VoD VoD 


data latch ae: Bek 
5 : 
output Ly. O Nch 


: _ 


Multiplexer 


Input buffer 
(2) POCg-POC3, POD 9-POD3 


Output 
latch 


data 


output 
disable 


Input buffer 
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(3) RESET 


Mask option 


——© 


Input buffer 
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2. ASSEMBLER KEYWORDS 


2.1 MASK OPTION DIRECTIVES 
When developing the uPD17202A program, mask options must be specified by using mask option directives in 
the program. 


The mask options must be specified for the following items: 


@ POAg, POA;, POA, POA3 
@ POBg, POB;, POB2, POB3 
@ RESET 

@ SYSTEM CLOCK 


2.1.1 OPTION and ENDOP Directives 
That portion of the program enclosed by the OPTION and ENDOP directives is called a mask option definition 
block. This block is described in the following format: 


Description: 
Symbol field Mnemonic field Operand field Comment field 


[label:] OPTION [; comment] 


ENDOP 
2.1.2 Mask Option Definition Directives 


Table 2-1 lists the directives that can be used in the mask option definition block. 


Here is an example of mask option definition: 


Description: 
Symbol field Mnemonic field Operand field 
[label:] OPTPOA POAPLUP, POAPLUP, OPEN, OPEN 


POA, and POApo are open 
POA2 is pulled up 
POA3 is pulled up 
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Table 2-1 Mask Option Definition Directives 


Maks option of 
RESET 
RESPLUP 
(w/pull-up 
resistor) 
OPEN 
(w/o pull-up 
resistor) 
POAO 
Mask option 


POA3 POA2 POA1 
Mask option Mask option 


[ine | einai 


Mask option 

POAPLUP POAPLUP POAPLUP POAPLUP 

(w/pull-up (w/pull-up (w/puil-up (w/pull-up 

resistor) resistor) resistor) resistor) 

OPEN OPEN OPEN OPEN 

(w/o pull-up (w/o pull-up (w/o pull-up (w/o pull-up 

resistor) resistor) resistor) resistor) 

POB3 POB2 POB1 POBO 

Mask option Mask option Mask option Mask option 

POBPLUP POBPLUP POBPLUP POBPLUP 
POB3- OPTPOB 4 (w/pull-up (w/pull-up (w/pull-up (w/pull-up 
POBO | resistor) resistor) resistor) resistor) 

OPEN OPEN OPEN OPEN 

(w/o pull-up (w/o pull-up (w/o pull-up (w/o pull-up 

resistor) resistor) resistor) resistor) 


Main clock | Subclock =| 
| USEX USEXT 
SYSTEM | (main clock is (subclock is 
cLock | OPTCK 2 used) used) 
NOX NOXT 
(main clock is (subclock is 
not used) not used) 


2.2 KEYWORD SYMBOLS 
The symbols defined by the pPD17202A device file are listed in Table 2-2. 
The defined symbols are the following register file names, port names, and peripheral device names. 


2.2.1 Register File 
The names of the symbols assigned to the register file are defined. These registers are accessed by the PEEK and 
POKE instructions through the window register (WR). 


2.2.2 Registers and Ports on Data Memory 
The names of the registers assigned at addresses OOH through 7FH on the data memory and the names of ports 


assigned to address 70H and those that follow, and system register names are defined. 


2.2.3 Peripheral Circuits 
The names of peripheral circuits accessed by the GET and PUT instructions are defined. 
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Table 2-2 Keyword Symbols (1/3) 


Bits 15-12 of data buffer 

Bits 11-8 of data buffer 

Bits 7-4 of data buffer 

Bits 3-0 of data buffer 

[ans [we [oon [| Beis ottoman 
Bits 7-4 of address register 

Bits 3-0 of address register 

R/W Bits 11-8 of index register 


XH 

MPH MEM 0.7AH R/W Bits 7-4 of memory pointer 
MPE FLG 0.7AH.3 R/W Memory pointer enable flag 
IXM MEM 0.7BH R/W Bits 7-4 of index register 
MPL MEM 0.7BH R/W Bits 3-0 of memory pointer 
IXL MEM 0.7CH R/W Bits 3-0 of index register 
RP MEM 0.7DH R/W 
RPL MEM 0.7EH R/W 
PSW MEM 0.7FH R/W Program status word 
BCD FLG 0.7EH.0 R/W BCD flag 

CMP 0.7FH.3 R/W | Compare flag 

CY R/W Carry flag 


0.7FH.1 Riw | Zero flag 

0.7FH.0 Index register enable flag 
LCDD1 0.41H LCD segment 1 

LCDD2 MEM | 0.42H LCD segment 2 

LCDD9 R/w | LCD segment 9 

LCDD11 0.4BH ECD seoment 11 
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Bits 7-4 of register pointer 


ii 


Bits 3-0 of register pointer 
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Table 2-2 Keyword Symbols (2/3) 


R 


i 
R/W LCD segment 16 


rion —| ww [oon | ar 

0 
reno [ wen [ase —[ wv | tegen 
Sc 
a 
ropa Mew os [-wav| 1b ene 
[cooer [MEM [ese [ww | tcdsemen a 
[cone | mews na_| tcDseenenree 
Peon [wen ost [wv] tc wane 
FLG | 0.71H.1 Bit 1 of port 0B 


FLG 
FLG 

0C FLG 

0C FLG 
PODO FLG 0.73H.0 
FLG 0.73H.1 
FLG 0.73H.2 
FLG 0.73H.3 


0.72H.0 
0.72H.1 
0.72H .2 
0.72H.3 


R/W Bit 2 of port 0C 


R/W Bit 1 of port 0D 
R/W Bit 2 of port 0D 


R/W Bit 3 of port 0D 


uv 


Ul! VU ‘Uv 
8 
wl] © o 


0C 


os 


XEN FLG | 0.82H.0 Enables main clock 
FLG 0.83H.1 Resets watch timer mode 
FLG 0.87H.3 VDD detection flag 
NRZBF FLG R/W NRZ buffer data 
NRZ FLG R/W NRZ data 
E FLG 0.9FH.0 R/W Selects interrupt edge of INT pin 


TMOE 
IPWTM 


FLG 
FLG 
FLG 


0.A4H.1 
0.AFH.2 
0.AFH.1 


8-bit timer output enable flag 
Watch timer interrupt enable flag 
INT interrupt enable flag 


2-495 


R/W 
R/W 
R/W 


uPD17202A 


Table 2-2 Keyword Symbols (3/3) 


mug | omin.a | ww 

FLG R/w | LCD display setting #2 
FLG | 0.B2H.3 R/w | LCD display setting #3 
FLG | 0.B2H.2 R/W | LCD display setting #2 


R/W LCD display setting #1 


LCDMD0 FLG 0.B2H.0 R/W LCD display setting +0 
TMEN FLG 0.B3H.3 R/W 8-bit timer counter enable flag 


Remarks 


8-bit timer interrupt enable flag 


LCD display enable flag 


FLG | 0.B3H.2 | R/W | 8-bit timer reset flag 
7m uw 
0.B7H.2 R/W POC port I/O setting flag 
0.B7H.1 R/W POB port I/O setting flag 
uw 
uw 
R/W INT interrupt request flag 
uw 
DAT 03H R/W NRZ modulo register, low 
DAT 04H R/W NRZ modulo register, high 
Dat wi 


=] + 
x 
Dis 
=/2 
a ee. 
= 
my | or 
cle 
Bd 
eSl;el;e 
a] 
on me”) 
olole 


e 
© 
J 
x 
9] 
Co 
° 
ee) 
xy 
a0 
° 


; 
= 
O 
5 
> 
4 
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3. 1PD17202A INSTRUCTION SET 


3.1 INSTRUCTION SET OUTLINE 


MOVT DBF, @AR 
BR @AR 

CALL @AR 

RET 

RETSK 


O 


9) 


pair 
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3.2 LEGEND 
M : Data memory address 
m : Data memory address except bank 
my : Data memory row address 
Me : Data memory column address 
R : General register address 
r : General register column address 
RP : General register pointer 
RF : Register file 
rf : Register file address 
rfy : Register file address (higher 3 bits) 
rfp : Register file address (lower 3 bits) 
AR : Address register 
IX : Index register 
IXE : Index enable flag 
DBF : Data buffer 
WR : Window register 
MP : Data memory row address pointer 
MPE : Memory pointer enable flag 
PE : Peripheral register 
p : Peripheral address 
Py : Peripheral address (higher 3 bits) 
PL : Peripheral address (lower 4 bits) 
PC : Program memory counter 
SP : Stack pointer 
STACK : Stack value indicated by stack pointer 
BANK : Bank register 
(AR)rom : Data for program memory indicated by address register 
INTEF : Interrupt enable flag 
i : Immediate data (4 bits) 
n : Bit position (4 bits) 
addr : Program memory address (11 bits) 
CY : Carry flag 
$ STOP releasing condition 
h : HALT releasing condition 
[ ] : Data memory or register address 
( ) : Data memory or register value 
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3.3 INSTRUCTION LIST 


Machine code 
Mnemonic} Operand Operation 


ae R) — (R) + (M) + (CY) 
fm, #i | (M) = (M) +i+ (CY) 
——— 
7 


Addition 


(IX) — (IX) +1 
(R) — (R) — (M) 


(M) — (M) ~ i 

(R) — (R) — (M) — (CY) 

(M) — (M) -i- (CY) 

a 
SKE [ms [004 iin basow no Pm 

(M) — i, skip if borrow Muy 

(M) — i, skip if not zero 


-— (M) ANDi 
— (R) AND (M) 


WN 
= 
ee) 


NM 
cS 
ee) 
QO 


Subtraction 


Compare 


— (R) OR (M) 


<— (M) XOR i 


mm (R) — (R) XOR (M) 
iow [wma om oa 


AMR 


Es 
o BOs net rece i an (R)] — (M) 
_ if MPE=0: [(m,). (R)] — (M) 
mor |i ie (M) — [(MP), (R)] 
moe |i re 0: (M) — [(m,). (R)] 
im #i [Mi OME 


- eRe (SP) —1, STACK — PC, 
MOVT DBF <— (AR)rom, 
@AR 
PC“STACK, SP< (SP) +1 
PUSH (Sp) — (SP) —1, (STACK) — (AR) oot | 000 | 1101 | 0000 
1 


POP [AR | (AR) = (STACK), (SP) = (SP) + 
(WR) <— (RF) 
(RF) — (WR) 
(DBF) <— (PE) 
(PE) — (DBF) 
ao CMP <0, skip if My = all 
CMP <0, skip if Mx = all 
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| Machine code code 
Mnemonic} Operand Operation 


eae ae Gi ay ce om oo -_ 
SP=-— (SP) —1, STACK<= ((PC) +1), 

addr 11100 addr 
PC < addr 
SP = (SP) —1, STACK = ((PC). +1), 

@AR 00111 0101 0000 
PC — (AR) 


PC (STACK), SP (SP) +1 | 1110 | 0000 | 


RET | 

ners | |e taco. sp GP Tandy 
PRETI. | | PC+ (STACK), SP= (SP) +1 / 011 | 100 | 1110 | 0000 
a CCC 
Es CS 
oP [an stor of | 
raat fp [wae fo 
for —[ [No ewan on fe 


Group 


wa @ 
S| Og 


Other 
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3.4 ASSEMBLER (AS17K) MACROINSTRUCTIONS 


Legend 

flag : One of flag1-flagn 

flagi-flagn : Flag name indicated by keyword 
n : Number 

< > : Can be omitted 


Rrenoae [| Omend [ete 
if (flagl) — (flagn) =all “17, then skip 
if (flagl) — (flagn) =all “0”, then skip 


flagl, ---flagn 1sns4 | (flagl) — (flagn)<—0 


NOTn flagl, ---flagn 
<NOT >flagl, 

INITFLG 
+ C<NOT > flagn 


if (flag) ="0", then (flag)<—1, 
if (flag)="1", then (flag)+0 


if description= NOT flag, (flag) 0 
if description=flag, (flag)+1 
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4. ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (Tag = 25 °C) 


Supply Voltage Vpp —0.3 to +7.0 Vv 
Input Voltage Vi —0.3 to Vpp + 0.3 Vv 
Operating Temperature Topt —20 to +75 "C 
Storage Temperature Tstg —40 to +125 "e 


RECOMMENDED OPERATING RANGE 


CAHRACTERISTICS | SYMBOL Fomin. | tye, | MAX. UNIT CONDITIONS 
SS eee 
Supply Voltage 


Main Clock Oscilla- 
tion Frequency 
Subclock Oscillation 
Frequency 


CAPACITANCE (Ta = 25 °C, Vpp =0 V) 


canmactenistics [syweou| win. | Typ | MAX. | UNIT CONDITIONS 


Input Capacitance 
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DC CHARACTERISTICS (Vpp =3 V, Ta = —20 to +75 °C, fy = 4 MHz, fxr = 32 kHz) 


CAHRACTERISTICS |SYMBOL| MIN. | TYP. | MAX. | UNIT CONDITIONS 


High-Level Input 
Voltage 


Low-Level Input 
Voltage 


High-Level Input 
Current 


w/o pull-up resistor 
ViL=OV 
Low-Level Input w/pull-up resistor 
Current ViL=OV 


w/o pull-up resistor 
POA, POB pins 


ViL=OV 
w/pull-up resistor 


High-Level Output 
Current 


High-Level Output 
Current 


Low-Level Output POC, POD pins 


Current 


| 0s | VDOUT pin | VoL =03V 


Supply Current — 


LCD Output Voltage 
Adjustable Range 


Operation 


HALT mode 


mA 

uA 

uA 
Vv 
Vv 
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RECOMMENDED OSCILLATORS 


MAIN SYSTEM CLOCK: CERAMIC OSCILLATOR 


EXTERNAL OSCILLATION 
PRODUCT 
MANUFACTURER CAPACITOR (pF) VOLTAGE (V) REMARKS 


pSeseseees 
Murata Mfg. 

CST3.58MGW none 6.0 

_ CST4.00MGW _ CST4.00MGW | mone | none none 
ee 
a ee 
a A 
| Toro | crnraco |e | tet 

[bershinns | Pmsoaoscsan | se | ss | 20 | 


MAIN SYSTEM CLOCK: CRYSTAL OSCILLATOR 


EXTERNAL OSCILLATION 
RETAINER CAPACITOR (pF) VOLTAGE (V) REMARKS 


Oscillator circuit 


C contained 
type 


Kyocera KBR4.0MS 


FREQUENCY 
(MHz) 


MANUFACTURER 


XIN XOUT 


TT" TT 


2-504 


NEC PD172024 


5. APPLICATION CIRCUIT EXAMPLE 


0.47 uF 


LCD 


3gE-x X X-4OVWZOTLLGd7 


Key matrix 


US Oe LS 

é rt 
S9eGe6 

CI 
iSSeeesese 
iBSSCSSE! 
B-DP-P-PB-B-P-B-P 
iSOeROEs 


Rie 
fT 
4a 


& 


33 


AB BBae Ee 
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uPD17P202A is a model of uPD17202A which is equipped with a one-time PROM in place of the uPD17202A 


internal mask ROM. 
Since the user can write the program to uPD17P202A, the microcomputer is suitable for experimental or small- 


scale production of uPD17202A systems. 
It is recommended that you also read the documents related to uPD17202A, in addition to this data sheet. B 


FEATURES 

@ Compatible with uPD17202A 

@ Internal one-time PROM: 2,048 x 16 bits 
@ Operating voltage range: 2.2to 5.5 V 


ORDERING INFORMATION 


Order Code Package Quality Grade 
uPD17P202AGF-001-3BE 64-pin plastic QFP (14 x 20 mm) Standard 
uPD17P202AGF-002-3BE 64-pin plastic QFP (14 x 20 mm) Standard 
uUPD17P202AGF-003-3BE 64-pin plastic QFP (14 x 20 mm) Standard 


Note: Table below indicates differences in these products: 


Pull-up Pull-up Main clock Subclock 
resistor resistors for generator generator 
Part number for RESET pin POA, POB pins used/unused used/unused 


UPD17P202AGF-001-3BE | Provided Provided Used Used 


uPD17P202AGF-003-3BE| Not provided Used 
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PIN CONFIGURATION (Top View) 


(1) Ordinary operation 


OQ COM2/LCD25 


O COM, 
O COMg 
O CAPH 
O CAPL 
O Vicp2 


COM3/LCD24 © 
LCD93 © 
LCD99 © 
LCD21 O 
LCD99q © 
LCDi9g © 
LED GS ‘© 
LCD17 C 
LCD1g O 
LCD15 O 
LCD14 C 
LCD13 © 
LED © 
LCD11 © 
LCDi9g OC 
LCD9g © 
LCDg C 
LCD7 O 
LCDg O 
O \ oO 2 Oo © 
w a ae) N =- (=) 
a) a) O Q a a) 
So Oo. 0 © oO © 
4 4 a a) a) 4 
POAg-POA3 : Input/output port 
POBg-POB3 : Input/output port 
POCg-POC3 : Input/output port 
PODg-POD3 : Input/output port 
VREG : Voltage regulator output 
VDET : Voltage detector detection voltage 
adjustment 
Vicpc : LCD drive reference voltage adjustment 
ViLcDO-VLCD2 : LCD drive voltage outputs 
LCD9-LCE35 : LCD segment signal output 
COMg-COM3 =: LCD common signal output 
TMOUT : 8-bit timer output 
LED : Remote control transmission indication 
output 


© GND 


r 
= 
O 
~ 
0 
N 
e) 
Nd 
Lb 
Q) 
iy 
i) 
w 
m 


GNDg 


O Vicp1 
O Vicpo 
O Vicpc 


INT © 
POAg © 
POA, © 


REM 
INT 

RESET 
VDOUT 

XIN» XOUT 
XTIN. XTOUT 
CAPH, CAPL 
CLK 
MDO-MD3 
DO-D7 

Vpp 

VDD 

GNDo, GND, 
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© VoET 


POA © 


O VREG 
OQ XTout 


XTIN 
VDOUT 
RESET 
XOUT 
XIN 
VDD 
REM 
TMOUT/LED 
POD3 
POD? 
POD 
PODg 
POC3 
POC? 
POC, 
POCo 
POB3 


POB? 


CoO OO Oo OD OO eG ODO oe Oo oO Oo Co oO 


POB4 


POA3 O 
POBg © 


Remote control transmission output 
External interrupt request signal input 
Reset input 

Low voltage detection circuit output 
Main clock oscillator circuit 

Subclock oscillator circuit 

Booster capacitor connection pins 
PROM clock input 

PROM mode selection input 

PROM data input/output 

PROM write voltage power supply pin 
Power supply pin 

GND 


uPD17P202A 


(2) PROM programming mode 


(Open) 
© GND, 


(L) 
(Open) 
(L) 
(Open) 
CLK 


VDD 


(Open) 


D3 
(Open) D2 
D1 
DO 
D7 
D6 
D5 
D4 
MD3 
MD2 


OOO oO 0 00 CO 0 OO OO OO OO O O'OD OD 
38€-49VZ07Zd21 Gd" 
Co OO 0 OO 0 OU OG O O-O 0 C0 OO OO UC © 


MD1 


SS. 
Cc 
® 
jer 
= 


GNDg O 


Note: ( ) indicates processing for pins not used in the PROM programming mode. 
L : Ground each of these pins through a 470 {2 resistor. 
Open : Do not connect these pins. 
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BLOCK DIAGRAM 


POA 
POA, 
POA? 
POA3 


POBo/MDO 
POBy/MD1 
POB2/MD2 
POB3/MD3 


POCp/D4 
POC,/D5 
POC2/D6 
POC3/D7 


PODg/DO 
POD,/D1 
POD2/D2 
POD3/D3 


REM 


TMOUT/LED 


RF 


RAM 
112 x 4 bits 


SYSTEM REG. 


Voltage 
Detecter 


Power 
Supply 
Circuit 


One Time PROM 


2048 x 16 bits 
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Interrupt 


Controller 


VDOUT 
VDET 


VREG 
Vpp 

CAPH 
CAPL 


VLCDO 
VECDt 
VLCD2 


VLCDC 
GNDog 


GND, 


LCDg 
LCD, 
LCD9 
LCD3 
LCD4 


LCD93 
COM3/LCD24 
COM9/LCD95 
COM 

COMg 


INT/Vpp 


Xjn/CLK 


XOUT 


XTIN 


XTOUT 


NEC 


1. PIN FUNCTIONS 


1.1 ORDINARY OPERATION MODE 


SYMBOL 


COMo 
COM, 
LCD25/COM2 
LCD 24/COM3 
LCD23 
| 
LCDo 


FUNCTION 


LCD controller/driver segment signal outputs 
and LCD controller/driver common signal 
outputs. 
@ LCD25 to LCDo 

LCD controller/driver segment signal outputs 
@ COMo to COM3 

LCD controller/driver common signal outputs 


Inputs external interrupt request signal. Either 
the rising edge or the falling edge can be speci- 
fied as the interrupt request effective edge. 


$ 


4-bit CMOS input/output port. 

This port can be specified for input/output in 4- 
bit units. In the input mode, these pins become 
CMOS inputs, and can be used as key return 
inputs for key matrix. See Note. 


4-bit CMOS input/output port. 

This port can be specified for input/output in 4- 
bit units. In the input mode, these pins become 
CMOS inputs, and can be used as key return 
inputs for key matrix. See Note. 


TMOUT/LED 


4-bit CMOS input/output port. 
This port can be specified for input/output in 4- 


bit units. In the output mode, these pins become 
N-ch open-drain output, and can be used for key 
source output for key matrix. 


4-bit CMOS input/output port. 

This port can be specified for input/output in 4- 
bit units. In the output mode, these pins become 
N-ch open-drain output, and can be used for key 
source output for key matrix. 


This pin outputs NRZ signal (LED) synchronized 
with infrared remote control signal and 8-bit 
timer (TMOUT). 
@ TMOUT 
* §8-bit timer output 
@® LED 

Remote control transmission indication output 


Note: Pull-up resistors are provided only in the uwPD17P202A-001 and uPD17P202A-002. 
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OUTPUT | POWER 
TYPE ON RESET 


- e 

Input 

CMOS 

push- Input 

pull 

CMOS 

push- Input 

pull 


High 
level 
output 


uPD17P202A 


NEC 


SYMBOL FUNCTION ee | eee 
TYPE ON RESET 
CMOS High 
45 REM Infrared remote control signal output. push- level 
pull output 
Positive voltage power supply pin. 
46 Vop 2.2 to 5.5 V is applied in the normal operation — _ 
mode. 
Main clock oscillation circuit is connected 
47 XIN across these pins. 
48 Xout Connect a 4 MHz ceramic resonator or crystal 
resonator across these pins. 
49 RESET Reset signal input. - Input 
CMOS 
50 VDOUT Internal low voltage detection circuit output. push- - 
pull 
Subclock oscillation circuit is connected 
51 XTin across these pins. 
52 XTout Connect a 32 kHz crystal resonator across 
these pins. | 
- —— 7 
o3 VREG Voltage regulator output for subclock generator. — | — 
— - - —+— : 
1 A resistor for adjusting the voltage detector 
94 VDET ; = = 
detection level is connected to this pin. | 
+— _ | ee —_ _ _ 
a5 Vicpc Adjusts LCD drive reference voltage. — — 
56 Vicpo Outputs a voltage boosted from LCD drive 
a7 Vicp1 reference voltage. 
—— { 
58 GND, GND - — 
Outputs a voltage boosted from LCD drive 
59 Vicp2 a = 
reference voltage. 
60 CAPL Voltage boosting capacitor is connected across 
61 CAPH these pins. 
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1.2 PROM PROGRAMMING MODE 


OUTPUT | POWER 
SYMBOL FUNCTION 
ones TYPE ON RESET 


Positive power supply pin for PROM program- 
ming. 


Vpp 12.5 V is applied to this pin when program- 
ming, reading, or verifying the program 
memory. 
MD3 ; oe 
Operation mode selection inputs for PROM 
| ; Input 
rogramming. 
MDO prog g 
D4 
| 
D7 CMOS 
DO 8-bit data input/output for PROM programming. push- Input 
pull 
D3 
Positive power supply pin. 6 V is applied to this 
Vop pin when programming, reading, or verifying - 


the program memory. 


pe fen, SOC—“—*sS*s*—*—C—C—CCSC—C—s—s‘ SY | YS 


Remarks: Pins other then listed above are not used in the PROM programming mode. Refer to ‘‘Pin Connection Diagram (2) 
PROM Programming Mode” for recommended conditions for unused pins. 
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1.3. PIN EQUIVALENT CIRCUITS 


The simplified pin equivalent circuits schematic views for uPD17P202A’s pins are presented below. 


(1) POA through POA3, POBg/MDO through POB3/MD3 


VpD VoD 


Pull-up resister* 
Data P 


Output 
disable 


Multi- 
plexer 


<j- 


Input buffer 


*: Only uPD17P202A-001 and uPD17P202A-002 


(2) POCo/D4 through POC3/D7, POD9/DO through POD3/D3 


Data Output 
latch 


7 
disable 


Output 
a << |— 


Input buffer 
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(3) RESET 


Pull-up resister® 


Input buffer 


*: Only uPD17P202A-001 
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2. WRITING, READING, AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 


When the PROM is to be written, read, or verified, uPD17P201A is set in the PROM mode, and the pins shown in 
Table 2-1 are used. No address has to be input. Instead, the address is incremented by the clock input from the CLK 
pin. 


Table 2-1 Pins Used to Write/Read/Verify Program Memory 


a 
Vpp 
CLK 


en 
Pet [Alene cskinnt 
Apply operating voltage (6 V) to this pin. 


2.1 OPERATION MODES FOR PROGRAM MEMORY WRITE, READ, AND VERIFY 

uPD17P202A is set in the program memory write, read, or verify mode, when +6 V is applied to pin Vpp, and 
+12.5 V is applied to pin Vpp, after being placed in the reset status (Vpp = 5 V, RESET = low level) for a certain 
period of time. 

The operation modes, selected by pens MDO through MD3, are listed in Table 2-2. 

Pins not used to write, read, or verify the program memory must be open, or grounded through pull-down 
resistors (470 (2). 


Table 2-2 Operation Modes for Program Memory Write, Read, and Verify 


Operation mode selection 
[ver | Yoo [ woo [ wor [woa | wos 
wie 
12.5 V +6 V 


Operation mode 


Remarks: x: LorH 
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2.2 PROGRAM MEMORY WRITING PROCEDURE 
Write the program memory by following these steps. The program memory can be written at high speeds. 
(1) Pull down the unused pins to the ground potential through resistors. Make the pin CLK low. 
(2) Apply 5 V to pin Vpp. Make pin Vpp low. 
(3) Wait for 10 us. Then, apply 5 V to pin Vpp. 
(4) Set the program memory address O clear mode by the mode selector pins. 
(5) Apply 6 V to pin Vpp, and 12.5 V to pin Vpp. 
(6) Program inhibit mode 


(7) Write data in the 1 ms write mode. 
(8) Program inhibit mode 
(9) Verify mode. Proceed to (10), if the memory has been written. If it has not been written, repeat (7) through 
(9). 
(10) Additional writing for (the number of times (7) through (9) are repeated: X) x 1 ms 
(11) Program inhibit mode 
(12) Input a pulse four times to pin CLK, in order to increment the program memory address (by one). 
(13) Repeat (7) through (12), until the last address is programmed. 
(14) Program memory address 0 clear mode 
(15) Decrease the voltages on pin Vpp and Vpp to 5 V. 
(16) Turn power off. 
The following figure illustrates steps (2) through (12) above. 


X times repetition 


Reset 


r - Write i Verify oe —T Address 7 
increment 


MD1 / \ / —————————— 
i) 2 Canin, 
a ae 
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2.3 PROGRAM MEMORY READING PROCEDURE 
(1) Pull down the unused pins to the ground potential through resistors. Make the pin CLK low. 
(2) Apply 5 V to pin Vpp. Make pin Vpp low. 
(3) Wait for 10 us. Then, apply 5 V to pin Vpp. 
(4) Set the program memory address 0 clear mode by the mode selector pins. 
(5) Apply 6 V to pin Vpp, and 12.5 V to pin Vpp. 
(6) Program inhibit mode 
(7) Verify mode. The data for each address is output on a one-by-one basis in a cycle during which the clock 
pulse is input to pin CLK four times. 

(8) Program inhibit mode 
(9) Program memory address 0 clear mode 

(10) Decrease the voltages on pin Vpp and Vpp to 5 V. 

(11) Turn power off. 
The following figure illustrates steps (2) through (9) above. 


Vpp bre 


Vpopt1 foc anae 


MDO / \ / 
MD1 asa Sas 
i ey be 
at ere 
MD2 | 
MD3 / \ 
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3. DIFFERENCES BETWEEN uPD17P202A AND uPD17202A 


In the “PD17P202A, the internal mask ROM (program memory) for the uPD17202A is replaced by the PROM 
which can be programmed by the user. Therefore, the program memory and some mask options are the only dif- 
ferences between the uPD17P202A and uPD17202A, so the CPU functions and internal hardware are identical. 

The table below summarizes the differences between the uPD17P202A and uPD17202A. 

Refer to the uPD17202A data sheet for details on CPU functions and internal hardware. 


uPD17P202A-001 uPD17P202A-002 uPD17P202A-003 uPD17202A 


@ PROM @ Mask ROM 
®@ 0000H-07FFH @ 0000H-07FFH 
@ 2048 x 16 bits @ 2048 x 16 bits 


Program 
memory 


RESET pin 
pull-up None 


resistor 


POA, POB 
pins 
pull-up 


resistors . 
Provided Provided (Mask option) 
Main clock 


generator 
provided/not 


provided 


Subclock 
generator 


Provided 


provided/not 
provided 


V pp pin, PROM 
Pin 


connections 


Vpp pin, PROM programming pin are provided. programming pin 


not provided 


Operating 
voltage 2.2 to 5.5 V 


range 


64-pin plastic QFP (14 x 20 mm) 
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4. ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (Tag = 25 °C) 


Supply Voltage Vpp —0.3 to +7.0 V 
Input Voltage Vi —0.3 to Vpp + 0.3 V 
Operating Temperature Topt —20 to +75 "e 
Storage Temperature Tstg —40 to +125 °C 


CAPACITANCE (Ta = 25°C, Vop = 0 V) 


sean [samc [ne 7 We Tee Tow | meio 


i. than pins INT, 
RESET 


RECOMMENDED OPERATING RANGE 


CHARACTERISTICS SYMBOL | MIN. | TYP. | 
Supply Voltage 
Vop2 eye tate 


Main Clock Oscillation 
Frequency 
Subclock Oscillation 
32.768 
Frequency 


Input Capacitance 


CONDITIONS 
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DC CHARACTERISTICS (Vpp = 3 V, Ta = —20 to +75 °C, fy = 4 MHz, fy7 = 32 kHz) 


CHARACTERISTICS SYMBOL MIN. | 


Low-voltage Detection 


Voltage 


High-Level Input Voltage 
0.7 Vpp 


Low-Level Input Voltage 


High-Level Input Current 


liL3 
Low-Level Input Current 


ML 


Low-Level Input Current 


| 
© 
o>) 


NO 


High-Level Output Current 
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LCD Output Voltage . 0.8 V3 
Variable Range salad 
1.9 2 
Doubler Output Voltage Vico1 V 
Vicpo | Vicpo 
Tripler Output Voltage Vicp2 


2.85 3 Vv 
Vicpo | Viepo 
123 2.0 2.9 


o ND 5 DN) NM] hm] & 


> 


UNIT CONDITIONS 
V 


VDET pin external 
resistance = 2 MQ2Q 


RESET pin and INT pin 


Other than RESET pin 
and INT pin 


RESET pin and INT pin 


and INT pin 

ua 
WA 
nA 
WA 


VIL =0 V, 
w/o pull-up 
RESET 
POA, POB 


0.2 


MA 


resistor 


Vit =OV 


MA w/pull-up 


resistor 
Vit =0OV 
w/o pull-up 
resistor 
VIL =0V 
w/pull-up 


= 


‘= 
are 


resistor 

V = 

56 mA | PoA,POB| 0H 
Vpp-0.3 V 

V = 

—~25.0 | mA a 
Veep V 


| 
~ 
os) 


Ve 
LED an 
Vpp-0.3 V 
VOH = 
Vpp-0.3 V 


| 
N 
ro) 


21 
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MAX. UNIT CONDITIONS 


CHARACTERISTICS SYMBOL | MIN. 


lou 


loL2 


Low-Level Output Current loL3 
lov4 


loLs 


Common Output Current lcom 
Segment Output Current 


Output voltage deviation 
=0.2V 


Output voltage deviation 


=0.2V 
Both XT and 
X oscillate 
Only XT 
oscillates 


HALT Both XT and 


mode X osciilate 


STOP Only XT 
mode oscillates 


mA 
LA 
LA 


ILcp 


Oepration 
mode 


Ww 
oO 
.~ 


S =| | =| 


Ipp2 
Supply Current 


oO 


DC PROGRAMMING CHARACTERISTICS (Tg = 25+ 5 °C, Vpp = 6.0 + 0.25 V, 
Vpp = 12.5 + 0.3 V) 


CHARACTERISTICS 


High-Level Input Voltage 


CONDITIONS 


V Other than CLK 


V 


Low-Level Input Voltage 


Input Leakage Current | 
High-Level Output Voltage 


V 
Vo 
vou | | LV tate 


a 


Note 1: Keep Vpp to below +13.5 V, including the overshoot. 


H 
L 


2: Apply Vpp before Vpp, and remove Vpp after Vpp. 
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AC PROGRAMMING CHARACTERISTICS (Tg = 25+ 5 °C, Vpp = 6.0 + 0.25 V, 
Vpp = 12.5 + 0.3 V) 


CHARACTERISTICS 


Address setup time*2 
(vs. MDO J) 


ae i ee 


MD1 setup time (vs. MDO J) 


Data setup time (vs. MDO {) 


Address hold time*2 
(vs. MDO f) 


Data hold time (vs. MDO 7) 


+ 
1) 
=e 
+ 
O 
< 
NO 


MDO ft > data output float 
delay time 


Vpp setup time (vs. MD3 f) 


Vpp setup time (vs. MD3 f) 


Br + 
< 
af 
a + 
< 
if 
3 
Lo) NO 
oO 
a 
: a 


Initial program pulse width 


Additional program pulse width 


MDO setup time (vs. MD1 *) 
MDO | > data output delay time 


MD1 hold time (vs. MDO f) 


MD1 recovery time (vs. MDO J) 


Program counter reset time 


CLK input high-, low-level 
width 


CLK Input Frequency 


Initial Mode Set Time 


MD3 Setup Time (vs. MD1 f) 


MD3 Hold Time (vs. MD1 J) 


When program 


MD3 Setup Time (vs. MDO J) miehiony ieiead 
ry isr 


Address*2 > Data Output Delay 
Time 


When program 
memory is read 


When program 
130 Us ; 
memory is read 
a When program 
Us . 
memory is read 
When program 
s 
e memory is read 


Address*2 > Data Output Hold 
Time 


MD3 Hold Time (vs. MDO 7‘) 


MD3 4 > Data Output Float 
Delay Time 


Reset Setup Time 


*1: Symbols for corresponding uPD27C256 
*2: The internal address is incremented (+1) at the falling edge of third clock periods for the four CLK clock periods, which 


constitute one cycle. The internal address has no external pin connection. 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The uPD17203A is a 4-bit CMOS microcontroller for infrared remote controllers. It contains 16K-bit static RAM, three 
channels of timers, a carrier generator for remote control, an amplifier for remote control receive signals, and a waveform 
shaping circuit in one chip. 

The 17K architecture used in the .PD17203A allows the user to perform an arithmetic/logical operation or data transfer 
between data memory locations or between data memory and a peripheral circuit with a single instruction. Every instruction 
is 1 word long, consisting of 16 bits. 

The microcontroller is packaged in a 52-pin plastic QFP. 


FEATURES 

17K architecture 

Program memory (ROM): 8K bytes (4096 x 16 bits) 

Data memory (RAM): 336 words (336 x 4 bits) 

Static RAM: 16K bits (4096 x 4 bits) 

On-chip carrier generator for infrared remote control 

On-chip amplifier for infrared remote control receive signals 
On-chip waveform shaping circuit for infrared remote control receive signals 
Many input/output ports provided (28 lines) 

3-wire serial interface contained (also used as a input/output port) 
5 stack levels 


8-bit timer: 1 channel (with a modulo function) 

Clock for the timer (8 ps, 16 ws, 64 ps, remote control carrier input) 
@ 10-bit timer: 1 channel (with a modulo function) 

Clock for the timer (0.5 us, 4 ps, INT input) 

@ 16-bit timer: 1 channel (with a modulo function) 

Clock for the timer (8 ws, 16 ps, 32 us, 64 ps) 
Clock timer: 1 channel (used as a watchdog timer or a clock) 
Instruction execution time: 4 us (when a 4 MHz ceramic resonator is used) 
Standby function (STOP, HALT) 
Low-voltage detector contained 
Operating voltage: 2.2 to5.5 V 
Operating clock: 4 MHz ceramic resonator/32.768 kHz crystal resonator 
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PIN CONFIGURATION (Top View) 


uPD17203A 


t 
N §- OF OM N & oO Mm NN efe OM 
sssssgs2s828388 § 
& && £&se £ oO & & ew £2 
OD Oo oOo oO 6 oO CO O OO OO O OO © 


Eqod O+—+|{9| gi 0 vod 
Ovid 0 a el 0 !wod 
lyld 0 Ei Bi 0 OVOd 
fvld 0 gi i O INI 
Evid O S| Bi O NIOWL 
Ogid O & fA 0 LNOdWo 
LNOOWL/!8id 0 Ey 'S] 0 £aN9d 
LNOLWL/Zald 0 & 8 O +NIdWO 
LNOZWL/EAId 0 BE | 2 | Oo 43x, 
S/991d © Bi 3 O LNOdW 
Os/'dtd oO fa | 2 0 aNd 
IS/2D1td a 3 O -NIdWV 
Edld © El Ba 0 !'aNd 


Py? ODO oO Vv Ev oOo LY QO CO VB Oo CoO Ee 
Q Ze rF O ZrO 
bese 38h 2 F 3 8s 
= - ? x oO jw X fF > G 
> x 
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BLOCK DIAGRAM 


POAg 
POA] 
POA2 
POA3 


POBg 
POB, 
POB?2 
POB3 


POCo 
POC, 
POC2 
POC3 


PODQ 
POD 
POD? 
POD3 


P1Ao 
P1A4 
P1A2 
P1A3 


P1Bo 
P1B1,/TMOOUT 
P1B2/TM10UT 
P1B3/TM20UT 


P1Co/SCK 
P1C41/SO 
P1C9/S| 
P1C3 


uPD17203A 


VREG 
VDD 
VXRAM 
Vv 
Power REF 
Supply GNDog 
Circuit GND, 
GND2 
GND3 
© GNDq4 
O RF GNDs 
O 
- RAM 
336 x 4 bits 
O 
O 
@ 
O 
a O TMOIN 
OQ CMPOUT 
O Remote 
; @ — Control OC CMPIN+ 
O Receiver 
O AMPOUT 
O O AMPIN— 
O 
as Instruction 
Decoder 
O 4 096 x 16 bits 
_ Remote V REM 
O Control 
Transmitter O LED 
Interrupt 
Timer2/ O INT 
einer —_ XRAM Controller 
4 096 x 4 bits 
© 
O 
an 0 _ 
5 anh * RESET 
CPU Clock 
XxX 
1/0 
XOUT 
CPU Clock 
XTOUT 
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The uPD17P203A is provided with a one-time PROM in the place of the internal ROM in the uPD17203A. 

Since a program can be written into the PROM for this microcomputer, it is suitable for experimental production 
or small-scale production of systems using uPD17203A. 

It is recommended that you also read the separately available reference materials on uUPD17203A. 


FEATRUES 
@ Internal one-time PROM: 4,096 x 16 bits 
@ Single power source: 2.2 to 5.5 V 


ORDERING INFORMATION 


Order Code Package Quality Grade 
uPD17P203AGC-001-3BH 52-pin plastic QFP Standard 
uPD17P203AGC-002-3BH 52-pin plastic QFP Standard 
uPD17P203AGC-003-3BH 52-pin plastic QFP Standard 


The differences among the above models are as follows: 


uPD17P203A-001 uPD17P203A-002 | uPD17P203A-003 uPD17203A 


RESET pin pull-up resistor Provided Not provided Not provided Mask option 


POA and POB pins pull-up resistor Provided Provided Not provided Mask option 


Main clock oscillator circuit Provided Provided Not provided Mask option 


Subclock oscillator circuit Provided Not provided 
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PIN CONFIGURATION (Top View) 


(1) For Ordinary Operations 


LED 


REM 


XIN. XOUT 
RESET 
VDouT 
XTIN. XTOUT 
VREG 
AMPIN— 
AMPOUT 
VREF 
CMPIN+ 
CMPOUT 
TMOIN 
INT 
TMOOUT 
TM10UT 


VXRAMO 


RESET O 


VDouT O° 


XTQUTO 


j- 

pas 

< 

Vv 

2g e 

o aw = © ® 
0 Oo 9 oO faa) 
ao a Oo 4 @ 
0 0 0 0 0 


LED o 


REM oO 


VpDO 


XIN O 


XOUT O 
GNDg o 


XTIN O 


VREG O 


GNDs 


GND) O 
AMPIN— O 
GND2 0 
AMPOUT © 


: : Remote controller signal transmission 


output display 

Remote controller signal transmission 
output 

Main clock oscillator 

Reset input 

Low voltage detector output 
Subclock oscillator 

Voltage regulator output 
Operational amplifier input 
Operational amplifier output 
Reference voltage output 
Comparator input 
Comparator output 

Timer O input 

External interrupt input 
Timer O output 

Timer 1 output 


VREF 


© P1B2/TM10UT 


= 
= 
Oo 
~ 
U0 
N 
‘o) 
o 
> 
G) 
2 
fe) 
e} 
@ 
oo 
ee) 
x 


CMPIN+ © 


HGE-Z00-DOVEOZdZ1L Gd" O P1B1/TMOOUT 


HdE-LOO-OOVEOZdZ1 Ga" 


GND3 © 


O P1Bo 
OP1A3 
P1A9 


INT © 


POAg 


CMPOUT © 
TMOIN © 


TM2OUT 
SCK 
sO 
SI 
POAg—POA3 
POBg—POB3 
POCp—PO0C3 
POD9—POD3 
P1A9—P1A3 
P1Bo—P1B3 
P1Cg—P1C3 
CLK 
MDO—MD3 
DO—D7 
VPP 
VDD 
VXRAM 
GND 
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© P1A4 


O P1A9 
POD3 


POA O 
POA2 O 


Timer 2 output 


POD? 
POD4 
PODg 
POC3 
POC2 
POC, 
GND4 
POCg 
POB3 
POB2 
POB4 
POBg 


POA3 


Serial clock input/output 


Serial data output 
Serial data input 


Port OA 
Port OB 
Port OC 
Port OD 
Port 1A 
Port 1B 
Port 1C 


PROM clock input 


PROM mode selection 
PROM data input/output 


PROM power 
Power 

XRAM power 
Ground 


uPD17P203A 


(2) PROM programming mode 


52 51 50 49 48 47 46 45 44 43 42 41 40 


O 1 39 O D2 
(Open) 
O 2 38 O D1 
GND O 3 37 O DO 
Vpp O 4 rter 36 O D7 
0 UO 3 
CLK O 5 Gogg 35 O D6 
NNN 
SSN 
(Open) © 6 OoOoO° 34 O D5 
OW Oo 
>b>d> D> 
GNDg O 7 200 33 O GND, 
200 
(L) o- —_] 2 S S 8 32 O D4 
22 8 31 O MD3 
(Open) O 9 [It 
(L) O 10 30 O MDdD2 
| O 11 29 O MD! 
(Open) 
| O 12 28 © MDO 
GNDs O 13 oF O (L) 


14 15 16 17 #18 #19 20 21 22 23 24 25 26 


Oo 8:06 0 6G Goo Go oO Oo GCG oO 6 
126 “Ss 2652 5 
Z > c« ~ 2 8B > = 
Oo Oo 8 ae) 

s) 


Note: ( ) indicates processing of pins not used in the PROM programming mode. 
L : Ground each of these pins through a resistor (470 22). 
Open : Connect nothing to these pins. 
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BLOCK DIAGRAM 


POAQ 
POA, 
POA 
POA3 


POBo/MDO 
POB,/MD1 
POB2/MD2 
POB3/MD3 


POCQ/D4 
POC,/D5 
POC2/D6 
POC3/D7 


PODo/DO 
POD 4/D1 
POD2/D2 
POD3/D3 


P1Ao 
P1A4 
P1A2 
P1A3 


P1Bo 
P1B,/TMOOUT 
P1B9/TM1OUT 
P1B3/TM20UT 


P1Co/SCK 
P1C4/SO 
P1C2/SI 

P1C3 


Timer 1/ 
Counter 


Serial 
1/O 


e 


Ley 
_, el he) cate 


Watch Timer 


Voltage 
Detecter 


Power 
Supply 
Circuit 


RAM 


336 x 4 bits 


Control 
Receiver 


One Time Instruction 
PROM Decoder 


4 096 x 16 bits 


Remote 
Control 
Transmitter 


XRAM Interrupt 


Controller 


4 096 x 4 bits 


CPU Clock 


CPU Clock 
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VDoUT 
VREG 
VoD 
VX RAM 
VREF 
GNDg 
GND, 
GND2 
GND3 
GND4 
GNDs 
O TMOIN 
OQ  CMPOUT 
QO CMPIN+ 
O AMPOUT 
e AMPIN— 
O REM 
O LED 
O INT/Vpp 
RESET 
X1N/CLK 
XOUT 
XTIN 
XTOUT 
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1. PIN FUNCTIONS 


1.1 PORT PINS 


4-bit 1/O port (Port OA). 
POAg—POA3 1/0 _ Can be set in input or output mode in 4 bit units. 


Pull-up resistors are connected in |/O mode. 


4-bit 1/O port (Port OB). 


POBg—POB3 1/O (MDO—MD3) Can be set in input or output mode in 4 bit units. 
| Pull-up resistors are connected in |1/O mode. 
4-bit 1/O port (Port OC). 
POCg—POC3 1/0 (D4—D7) Can be set in input or output mode in 4 bit units. 


N-ch open-drain in output mode. 


4-bit 1/O port (Port OD). 
PODg—POD3 1/0 (DO—D3) Can be set in input or output mode in units of 4 bits. 


N-ch open-drain in output mode. 


4-bit 1/O port (Port 1A). 


Can be set in input or output mode in bit units. 


P1Ag—P1A3 1/0 — a : 
N-ch open-drain in output mode. Pull-up resistor can 


be connected by program in I/O mode. 


4-bit 1/O port (Port 1B). 
Can be set in input or output mode in bit units. 


P1Bg = 


P1B,—P1B3 TMOOUT—TM20UT N-ch open drain in output mode. Pull-up resistor can be 


connected by program in |/O mode. 


P1Co SCK 4-bit |/O port (Port 1C). 


Can be set in input or output mode in bit units. Pull-up 


P1Cy SO 
1/0 
P1Co SI 


resistor can be connected by program in |/O mode. 


P1C3 


*(  ): Pins shared in PROM programming mode. 
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1.2 PINS OTHER THAN PORT PINS (IN ORDINARY OPERATION MODE) 


Sb Sared by 


For display of infrared remote controller signal output 


Infrared remote controller signal output Low-level output 


For main clock oscillator. Connect 4 MHz ceramic 


oscillator to these pins. 


RESET signal input 


VREG 


Qutput from voltage regulator for subclock oscillator 


Inverted input from internal operational amplifier 


— 
a 

—a 

(Fn comevatr 
es 
aT eecinttotmere 
ee 
pose 


[ewoe-anos [= [= ome 


1.3 PINS OTHER THAN PORT PINS (IN PROM PROGRAMMING MODE) 


POD9—POD3 


1/O 8-bit data input/output Input 
roco- P06 
F-woo-noa | mw | Po8a-raes | Omaton aarwieton | 


pve fw Applies program voltage (12.5 V). Used as INT pin in 


Internal operational amplifier output pa 


ordinary operation mode. 
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1.4 INPUT/OUTPUT CIRCUITS 
The input/output circuit for each uPD17P203A’s pin are shown below, 
(1) POAg—POA3, POBg/MDO—POB3/MD3 


VDD 
Output 
data 
inten |p ad. 
©) 
output a. O Neh 
disable 
Multiplexer 


Input buffer 


Note: uwPD17P203A-001 and -002 only. 


(2) POC9/D4—P0C3/D7, PODg/DO—POD3/D3 


Output 


data 
latch 


output 
disable 


Input buffer 
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VDD 


Pull-up resistor Note 


©) 


uPD17P203A NEC 


(3) P1A9—P1A3, P1Bp—P1B3/TM2OUT VDD 


Pull-up 


data Pch 
register 
data Output latch 
Nch 
output 
disable 
Multiplexer 
Input buffer 
(4) P1C9/SCK—P1C3 
VDD 


Pull-up 
register 


data 


Output 


data 
latch 


output 
disable 


Multiplexer 


Input buffer 
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(3) RESET 


VDD 


Pull-up resistor Note 


—6 


Input buffer 


Note: uPD17P203A-001 only. 
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2. DIFFERENCES BETWEEN uPD17P203A AND yuPD17203A 


Since uPD17P203A replaces the internal mask ROM for uwPD17203A with a PROM that can be written by the 
user, the only differences between the two microcomputers are the program memory and mask option. Their CPU 
functions and internal hardware are essentially the same. The following table lists the differences between 
uPD17P203A and uPD17203A. 

Refer to the uPD17203A Data Sheet for the CPU functions and internal hardware for uPD17P203A. 


Oe 
uPD17P203A-001 uPD17P203A-002 uPD17P203A-003 uPD17203A 


° PROM e Mask ROM 
Program memory ¢ OOOOH-OFFFH * OOOOH-OFFFH 
° 4,096 x 16 bits ° 4,096 x 16 bits 


Pull-up resistor for RESET pin Provided Not provided Not provided Mask option 


Pull-up resistor for POA and POB 
Pins 


Provided Provided Not provided Mask option 


Main clock oscillator circuit Provided Provided 


Not provided Mask option 


Subclock oscillator circuit Provided Not provided Provided Mask option 


Vpp and PROM 
Pin connection Vpp and PROM programming pins are provided programming pins 


are not provided 


Operating voltage range 2.2 to5.5 V 


Package 52-pin plastic QFP 
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3. WRITING, READING, AND VERIFYING ONE-TIME PROM (PROGRAM MEMORY) 


The upPD17P203A internal program memory is a one-time 4,096 x 16 bit PROM. 
The write, read, and verify this one-time PROM, the pins shown in the following table are used. Note that no 
address input pin is provided. Instead, the address is updated by the clock signal input from the CLK pin. 


Function 


Program voltage application 


Address updating clock input 


MDO—MD3 a Operation mode selection 


DO—D7 8-bit data input/output 


3.1 OPERATION MODES WHEN PROGRAM MEMORY IS WRITTEN, READ, OR VERIFIED 

pLPD17P203A is set in the program memory write, read, and verify mode, when, +6 V is applied to the Vpp pin 
and +12.5 V is applied to the Vpp pin after it has been reset for a certain period of time (Vpp = 5V, RESET =O V). 
Once this mode has been set, the following operation modes are available, depending on the setting of the MDO 
through MD3 pins. Note that all the unused pins are pulled down with resistors to the ground potential. 


Operation mode setting 


Operation mode 


Program memory address O clear 


Write mode 


Read and verify mode 
[ee 


Program inhibit mode 


X: LorH 


3.2 PROGRAM MEMORY WRITING PROCEDURE 
The program memory can be written in the following procedure at high speeds: 
(1) Pull down the unused pins with resistors to the ground potential. Make the CLK pin low. 
(2) Apply 5 V to the Vpp pin. Make the Vpp pin low. 
(3) Wait for 10 us. Then apply 5 V to the Vpp pin. 
(4) Set the program memory address O clear mode by using the mode selection pins. 
(5) Apply 6 V to Vpp and 12.5 V to Vpp. 
(6) Set the program inhibit mode. 
(7) Write data in the 1 ms write mode. 
(8) Set the program inhibit mode. 
(9) Set the verify mode. If the data has been correctly written, proceed to step (10). If not, repeat (7) through 
(9). 
(10) Additional write for (the number of times (7) through (9) are repeated: xX) x 1 ms. 
(11) Set the program inhibit mode. 
(12) Input a pulse to the CLK pin four times to increment the program memory address by one. 
(13) Repeat (7) through (12) until the last address is written. 
(14) Set the program memory address O clear mode. 
(15) Apply 5 V to the Vpp and Vpp pins. 
(16) Turn off power. 
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Steps (2) through (12) are illustrated below. 


X times repetition 


Reset 


7 = Write TT Verify T Additional write T paeres 
Increment 
m Vpp 
PP 
VDD 
GND 


Vppt1 
VDD VoD 
GND 

CLK ” AV, VAY \ 


MD1 / ‘ / Ee ——— 
MD2 eee: eee 
MD3 eee eee 


3.3 PROGRAM MEMORY READING PROCEDURE 
(1) Pull down the unused pins with resistors to the ground potential. Make the CLK pin low. 
(2) Apply 5 V to the Vpp pin. Make the Vpp pin low. 
(3) Wait for 10 us. Then apply 5 V to the Vpp pin. 
(4) Set the program memory address 0 clear mode by using the mode selection pins. 
(5) Apply 6 V to Vpp and 12.5 V to Vpp. 
(6) Set the program inhibit mode. 
(7) Set the verify mode. Input the clock pulse to the CLK pin. Data for one address is output each time the 


pulse is input four times. 
(8) Set the program inhibit mode. 
(9) Set the program memory address 0 clear mode. 
(10) Apply 5 V to the Vpp and Vpp pins. 
(11) Turn off power. 
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Steps (2) through (9) are illustrated below. 


VPP 
VDD 
GND 


Vppt1 
VDD 
VDD 
GND 


CLK 


DO—D7 


MDO 


MD1 


MD2 


MD3 
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4. ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS (T, = 25 °C) 


Supply Voltage Vop 
Input Voltage Vv; 

Operating Temperature Topt 
Storage Temperature Tstg 


RECOMMENDED OPERATING RANGE 


CHARACTERISTICS SYMBOL MIN. | 


TYP. 


Supply Voltage 
3.5 


XRAM |XRAM Supply Voltage | Voltage 


—0.3 to +7.0 V 
—0.3 to Vpp +0.3 V 
—20 to +75 i & 
—40 to +125 ie © 


UNIT CONDITION 
Tes] v [meen 


fx = 8 MHz 
VXRAM S Vpop 


Main Sa Oscillation 
Frequency 


CAPACITANCE (T, = 25 °C, Vpp =0 V) 


Subclock Oscillation 32.768 
Frequency 
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DC CHARACTERISTICS (Vpp =3 V, Ta =—20 to +75 °C, fx = 4 MHz, fxt = 32 kHz) 


CHARACTERISTICS 


Low Voltage Detection 
Voltage 


SYMBOL MIN. TYP. UNIT CONDITION 


uPD17P203A 


High-Level Input Voltage 


Low-Level Input Voltage 


High-Level Input Current 


RESET, INT pins 


o 


VpD 
VDD 


| ve | Other than RESET, INT pins 
0.2 Vpp 


RESET, INT pins 
Other than RESET, INT pins 


Vv 

V 

oO 0.3Vpp | V 
[ 0.2 uA 

| 0.2 LA 

uA 


Low-Level Input Current 


lH3 | 0.2 RESET 
lia | 0.2 POA—POD 
Te | 02 | wA ViL=OV 

ViL=OV 
liL3 w/o pull-up 


resistor 


La 


WwL=OV 
w/pull-up 
resistor 


NLS 


ViL=OV 
w/pull-up 
resistor 


| NL6 


17 


ViL=OV 
w/o pull-up 
resistor 


liLg 


WL=OVv 
w/pull-up 
resistor 


High-Level Output Current 


Low-Level Output Current 


10H1 


VOH = Vop—20.3 V 


VREF Output Voltage 


Supply Current 


XRAM Hold Voltage 


1OH2 
1OH3 
'OH4 
'OH5 
'OH6 
oa 
'OL1 
1OL3 
'OL4 
'OL5 . 
loLe 0.5 CMPOUT VoL = 0.3 V 
| Vv External capacitance for 
VREF 0.8 VREF pin = 0.1 uF 
IDD1 0.5 Operation XT and X 
Ipp2 mode Only XT 
IpDp3 HALT mode | XT and X 
IDD4 A 
VXRAM tas a Operation mode, VxRAM = 3 V 
HALT mide, VxRAM=3V, 


iets | so fT A 
XRAM Supply Current , | 100 | HA | 


xram2 | | 02 


Tag=25°C 
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DC PROGRAMMING CHARACTERISTICS (T, = 25°C, Vpp = 6.0+0.25 V, Vpp = 12.5+0.5 V) 


CHARACTERISTICS . , : CONDITIONS 


Other than CLK 
CLK 

Other than CLK 
CLK 

Input Leakage Current | Vin = Vitor Vin 


High-Level Output Voltage | =—1mA 
OH 


Low-Level Output Voltage : lol = 1.6 mA 


High-Level Input Voltage 


Low-Level Input Voltage 


Vpp Supply Current 


Vpp Supply Current MDO = Vi_, MD1 = Viy 


Note: 1. Keep Vpp to less than +13.5 V, including the overshoot. 
2. Apply Vpp before Vpp. Remove Vpp after Vpp. 
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AC PROGRAMMING CHARACTERISTICS (Ta = 25 °C, Vpp = 6.0+0.25 V, Vpp = 12.5+0.5 V) 


CHARACTERISTICS SYMBOL | *1 | min. | TyP. | MAX. | UNIT CONDITIONS 


Data Setup Time (vs. MDO ¥) oles f 2 ime. 
: 
Address Hold Time*2 (vs. MDO f) tAH tAH 2 | Ms 
Data Hold Time (vs. MDO 7) tpoH tpH us 
7 


MDO t+ Data Output Float Delay Time | tor tor 
Vpp Setup Time (vs. MD3 f) typs typs 
Vpp Setup Time (vs. MD3 *) 


tvcs 
tpw 
topw topw 


tmos tCES 
MDO {~~ Data Output Delay Time tov tov 


MD1 Hold Time (vs. MDO 7) 
MD1 Recovery Time (vs. MDO 1) 


tvDS 


Initial Program Pulse Width 


_= 
oOo 


1.05 
21.0 


Additional Program Pulse Width 
MDO Setup Time (vs. MD1 1) 


E=3 
a 


MDO = MD1 = Vi. 


tM1H 


tm1H + tM1R 2 50 us 


Program Counter Reset Time 


CLK Input High, Low Level Widths 


tPCR 
tXH- XL 


= 
T/GE/E/E IEE 
N 


0.063 
CLK Input Frequency 
Initial Mode Set Time t 


MD3 Setup Time (vs. MD1 1) tm3s 
MD3 Hold Time (vs. MD1 4) tM3H 


MD3 Setup Time (vs. MDO J) tm3SR 


> 


When program 
memory is read 


When program 
memory is read 


130 When program 
ne memory is read 

When program 

memory is read 


Address*2 — Data Output Delay Time tpAD tACC 
Address* 2 ~ Data Output Hold Time tHAD tOH 
MD3 Hold Time (vs. MDO f) tM3HR 


. tpoFR When program 
MD3 | —> Data Output Float Delay Time 
*1. Corresponding symbols of uPD27C256. 


*2. The internal address signal is incremented by one at the falling edge of the third CLK input signal and is not connected to a 
pin. 


5 
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PROGRAM MEMORY WRITE TIMING 


tRES 
tvPS 
' Vpp penne cee 
PP 
VDD f 
GND —<—tyvDs 
Vopt1 j been 

VOD Ya ions 

GND 

CLK 


" toF 


lox M1 Flaceaed Oe 
\ 


M1S tM1H 


MDO 


MD1 i 
tPCR|—*— |t 


MD2 


tM3H —— 


tm3S 


MD3 


PROGRAM MEMORY READ TIMING 


eas tvPS 


ene tvs 


< 
we) 
fe) 
+ 
a 


XH 


XL tDAD 
tHAD 


DO to D7 ( Dataoutput { bata output ) 


¢ ‘ov toFR 
tM3HR 


MDO 


MD1 


MD2 


tM3SR 
MD3 } 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The uPD17204 is a 4-bit CMOS microcontroller with an 8K-bit RAM, a 3-channel timer, a remote controlled carrier 
generator, a remote controlled receive signal amplifier and a waveform rectifier integrated on a single-chip for infrared remote 
controller. 

The »PD17204 employs the .PD17000 architecture and can execute data transfer and operations with one instruction 
between data memories or between a data memory and peripheral circuits. All instructions are a 16-bit word. 

52-pin plastic QFP package is used. 


FEATURES 

uPD17000 architecture is employed. 

Program memory (ROM): 16K bytes (7936 x 16 bits) 

Data memory (RAM): 336 words (336 x 4 bits) 

Static RAM: 8K bits (2048 x 4 bits) 

On-chip infrared remote controlled carrier generator 
On-chip infrared remote controlled receive signal amplifier 
Variety of I/O ports (28 ports) 

On-chip 3-wire serial interface (which also serves as an input/output port) 
Stack level: 7 levels 

8-bit timer: 1 channel (with modulo function) 


Timer clock (8 ps, 16 ps and 64 us remote controlled carrier inputs) 
@ 10-bit timer: 1 channel (with modulo function) 

Timer clock (0.5 ps and 4 us, INT input) 
@ 16-bit timer: 1 channel 

Timer clock (8 ps, 16 ps, 32 ps, 64 ps) 

Watch timer: 1 channel (which also serves as a watchdog timer) 
Instruction execution time: 4 us (when 4 MHz ceramic oscillator is used) 
Standby function (STOP, HALT) 
On-chip low-voltage detector 
Operating voltage range: 2.2 to5.5 V 
Operating clock: 4 MHz ceramic resonator/32.768 kHz crystal resonator 
OTP product: p.PD17P204GC is available. 
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PIN CONFIGURATION (Top View) 


O P1Co/SCK 
O P1B3/TM20UT 


O P1B2/TM10UT 
O P1B,/TMOOUT 


” 
Oo 
a 
O 


O P1C2/SI 
O P1C;/SO 
O P1Bo 
O P1A3 
O P1A2 
O P1A, 


O P1Ag 


O POD3 


LED O O POD? 
REM O O POD, 
VXRAM O O PODg 
Vop O O POC3 
Xin O O POC? 
XOuT O O POC; 
GNDg © O GND4 
RESET O O POCg 
VOouT © O P0B3 
XTIN O O POB2 
XTouT © POB 
VREG O O POBg 
GNDs O O POA3 


LED 


REM 


Xin. Xout 
RESET 
VDout 
XTin, XTout 
VREG 


AMPIN— 
AMPOUT 
VREF 
CMPIN+ 
CMPOUT 
TMOIN 
INT 


GND, O 
AMPIN— O 
GND2 O 
AMPOUT OQ 
VREF O 
CMPIN+ O 


: Remote controlled transmit output 


display pin 


: Remote controlled transmit output 
: Main clock oscillator connect pin 

: Reset input pin 

: Low-voltage detector output pin 

: Subclock oscillator connect pin 

: Subclock voltage regulator output 


pin 


: Operation amplifier input pin 

: Operation amplifier output pin 
: Reference voltage output pin 

: Comparator input pin 

: Comparator output pin 

: Timer 0 input pin 

: External interrupt input pin 


GND3 O 


CMPOUT O 


TMOIN O 


INT O— 


POA; O 


POAg O 


TMOOUT 
TM1OUT 
TM20UT 
SCK 

SO 

SI 

POAg to POA3 
POBg to POB3 
POCy to POC3 
PODg to POD3 
P1Ag to P1A3 
P1Bo to P1B3 
P1Co to P1C3 
Voo 


VxXRAM 
GND 
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POA? O 


: Timer O output pin 
: Timer 1 output pin 


: Timer 2 output pin 


: Serial clock input/output pin 


: Serial data output pin 


: Serial data input pin 
: Input/output ports 
: Input/output ports 


: Input/output ports 


: Input/output ports 


: Input/output ports 


: Input/output ports 


: Input/output ports 
: Power supply 


: XRAM power supply 


: Ground 


uPD17204 


BLOCK DIAGRAM 


Voltage VDoOuT 
Detecter VDET 
GNDs 
VDD 
VXRAM 
POAg =O Power VREF 
POA, O Supply 
POA2 O POA © ei att GNDo 
POA3 ~O GND, 
GND2 
GND3 
POBg ~2OO GND4 
POB, O 
P0B2 ~O POB 
PoB3. «OO RAM 
336 x 4 bits 
POCg ~O 
POC, O 
POC? O POC 
Poe © © TMOIN 
OQ CMPOUT 
ls 2 Remote 
POD} @ * Control OQ CMPIN+ 
O R H 
POD3 eceiver > AMPOUT 
PIA 0 O AMPIN— 
P1A4 O 
PIAn Q PIA « 
P1A3 O 
P1Bp «6©O 7 936 x 16 bits 
P1B,/TMOOUT O Remote O REM 
P1B9/TM1OUT © Control 
P1B3/TM20UT O Transmitter 
O LED 
Program Counter 
Interrupt . 
imer INT 
XRAM Controller 
—_— 2 048 x 4 bits 
Pl Co/SCK O 
P1C4/SO ®@ 
Picgisi O—rH Pic ~ RESET 
ee CPU Clock 
1/O 
XOUT 
CPU Clock 
Watch Timer XTIN 


————90 XToUT 
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FUNCTIONAL COMPARISON BETWEEN uPD17203A AND »uPD17204 


4 us (when 4 MHz ceramic oscillator is used) 


input/output port 28 ports 


7 channels 
External interrupt: 1 channel 
Internal interrupt: 6 channel 
Timer 
16-bit timer 
Watch timer (which also serves as a watchdog timer) 
Standby function STOP mode, HALT mode 


Recommended operating voltage range Vpp =2.2 to5.5 V 


4 systems 
8-bit timer 
10-bit timer 
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4-BIT SINGLE-CHIP MICROCONTROLLER 


The pPD17301 is a 4-bit single-chip microcontroller with on-chip DTMF generator, DTMF receiver, and abbreviated dial 
memory. 

The CPU uses pPD17000 architecture. Since all instructions have a 16-bit word configuration, efficient programming is 
possible. 

The package is a 64-pin plastic QFP. 


FEATURES 

uPD17000 architecture 

Program memory (ROM): 16K bytes (8192 x 16 bits) 

Data memory (RAM): 336 words (336 x 4 bits) 

Repertory dial memory 768 words (768 x 4 bits) 

On-chip DTMF generator 

On-chip DTMF receiver 

Serial interfaces: 2ch 

Abundant I/O ports: 48 

8-bit A/D converter: 4ch 

Abundant interupt functions (external cause: 2, internal cause: 7) 
Stack level: 7 levels (muitiple interrupt: max. 3 levels) 

Timer: 4 (8-bit modulo timer: 3, basic interval timer: 1) 

Standby function (STOP mode, HALT mode) 

Instruction execution time: 2.23 ps (when 3.58 MHz ceramic oscillator used) 
Operating voltage range: 2.0 to5.5 V 

Program evaluation OTP product: »PD17P301GF 
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PIN CONFIGURATION (Top View) 


° 
@ 
N 
O QO 


vU 
Oo 
Ley 
OO oO ©C 


° 

ie) 
W 

O 


O DTMFOUT 
O REFDTMF 
O DTMFGC 
O DTMFIN— 
O DTMFIN+ 
O P3D3/ADC3 


fo) 
W 
©) 
NO 
194) 
1B 
B 
foe) 
Ss 
Ss 
S 
[o>) 
o 
oO 
on 
1B) 
oi 
LS 


0 


Nch Open drain 
(with pull-up Mask Option) 


CMOS Nch Open drain 
(with pull-up Mask Option) 


as Sane 


ow 
W 


QT 1w& Qi To Sy] Tf 
3} Le] Le] [3] [s] [8] [3] [s] [E} 8] 18] ] ey BS) I ST] ) Ee) 


oO 


—_ | | — 
SE : oLELE! 


foe) 


wo 


F 


ie) 


. 4 
Nch O 
c pen drain CMOS 


_ = 
N on 


WwW 
w 


AN 


No 
8] 
INTo O—f 9] 
NO 
iS 
8 
WwW 
NO 
AS] 
No 
EI 
NO 
8 
iS 
~N 
N 
8 
N 
8 
WwW 
[o) 
i 
WwW 
NO 


INT; © 
Vop O 
VXRAM O 
XIN O 
XOuT O 
GND O 
RESET O 
VDOUT O 
P1Cg O 
P1C; O 
P1C> O 
P1C3 O 


—— 
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P3D2/ADC2 
P3D4/ADC, 
P3D9/ADCo 
P3C3/TM20UT 
P3C92/SI 
P3C1/SO 
P3Cg/SCK 
P3B3/SDA 
P3B2/SCL 
P3B 

P3Bo 

P3A3 

P3A2 

P3A4 

P3Ag 

P1D3 

P1D92 

P1Dq 


P109 


E 


uPD17301 BLOCK DIAGRAM 


uPD17301 


on 5 Vounge VDOUT 
1 
POA> O POA a Detecter 
POA3 O 
RAM 
POBg O 336 x 4 bits VDD 
POB; O Power Supply 
POB2 O ais \y Circuit 
POB3 O O GND 
POCg O O P3Bo 
POC, O . = O P3B, 
POC POC io Instruction P3B © P3B5/SDA 
2" 8192 x 16 bits Decoder a 2 
POC3 O ; O P3B3/SCL 
PODg O 
POD, O Serial 
POD? O ‘) = Interface 
POD3 O 
PI Ao O j) P3Co/SCK 
P1A, O 8 bits O P3C1/SO 
P1A9 O oe a) Timer/ O P3C2/SI 
P1A3 O Counter-0 © P3C3/TM20UT 
P1Bg O 8 bits 
P1B, O Timer/ 
P1B9 O ie = Counter-1 Counter-2 
P1B3 O 
P1Cg O | Pune © DTMFOUT 
PIC; O Interval Timer Generator 
Pico o-4 PIC .—) 
P1iC3 O 
DTMFIN+ 
O DTMFIN— 
P1D9 O O DTMFGC 
P1D,1 O 
Pitso—4' 2 Ss 
nie? 8 bits OAV DD 
A/D Converter 0 AGND 
P3AQ O 
P3A,1 O til 
P3A2 O = \o/ Baus O P3D9/ADCo 
P3A3 O O P3D1/ADC, 
° (yy P30 pt O P3D2/ADC2 
O P3D3/ADC3 
RESET O—> iv 
Interrupt O INTo 
Dial 
VXRAM O 


Memory 
768 x 4 bits 


System Clock 
Generator 
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4-BIT SINGLE-CHIP MICROCONTROLLER FOR VCR CAMERA 


w.PD17401 is a 4-bit single-chip microcontroller for the home VCR camera with an on-chip image display controller and 
LCD controller/driver. 

The Image Display Controller (IDC) has various screen display functions. It can display graphics as well as characters. All 
the display fonts are user-programmable and can be specified freely. Debugging is possible while actually outputting these 
displays from the time of the program development. 

It has an on-chip LCD controller/driver for displaying the operating condition of the camera and serial interface circuit for 
communication with peripheral devices. It also has an on-chip 6-bit A/D converter and 32 kHz clock counter. 

The CPU, which has no accumulator and in which the 17K architecture to allow the data memory to be operated directly 
is adopted, enables very efficient programming. 

As the pPD17401 system development tools, the easy-to-use IE-17K (incircuit emulator) and assembler are available. 


FEATURES 
@ A 4-bit single-chip microcontroller for the home @ On-chip LCD controller/driver 
VCR camera 35-segment, 4-common or 
@ Program memory (ROM): 12288 x 16 bits 36-segment, 3-common 
@ Data memory (RAM): 524 x 4 bits @ On-chip serial interface 
@ Stack level: 7 (2-system, 3-channel: 3-wire and 2-wire) 
@ Instruction set comprising 36 easy-to-understand @ On-chip 6-bit A/D converter: 1 input 
instructions @ On-chip 32 kHz clock counter (V,, = 2.2 to 5.5 V) 
@ Decimal capability @ On-chip power failure detection circuit and power- 
@ Instruction execution time: 1.6 ws (at 10 MHz on reset circuit 
oscillator connection) @ Interrupt pins: 2 pins 
@ WithIDC on-chip (Image Display Controller9 (user- @ Various range of I/O ports 
programmable) Input/output ports: 20 (including dual-function 
Number of display characters: Max. 155 per screen pins) 
Display position: 14 lines x 25 columns Output ports: 16 (including dual-function pins) 
Character types: 256 types @e 5V+10% 
Character format: 10 x 15 dots (framable) @ CMOS low power consumption 
Character size: 4 types settable independently @ 80-pin plastic QFP (14 x 14 mm) 
between vertical and horizontal (14, 28, 42, 56H) @ One-time PROM product: p»PD17P401GC-3B9 
(2.5, 5.0, 7.5, 10 ps) available 
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PIN CONFIGURATION (Top View) Ie 
O 

vv 

= 

£ OK-NMOKNMNOCHK AND 

5 QOaqaactateadeadtadaa 

Se ee ee oe ed ee 

O aaoankaoaaoaoaa8n a « 

= ™ "SS SO “A “Sa “SS “Sk A SG OS SS ONS 

Or NAN My 5yTWMW OR DWDOHOH NM +t WO 
NaNnNAN ~OSONNNKNNNKNNKNAHMHHAMHM MO 
Oooo eceez2eonononoangcadka o oa 4 4.6 
oO 0 0 00 00 0 0 COO 0.0 0 0 OG 0 0 6 
a JI © © © 2 2b af at. 2 ot Soe os ot Ste 
SSS eeeeCeer ceases 


LCDig O °° POC, 
LCDig oO 2 O POC? 
LCO17 o 3 POC3 
LCD16 Oo 4 P2AQ 
LCD15/KS15 oO 5 P2A4/SI4 
LCD14/KS71q4 © 6 P2A9/SCKq 
LCD13/KS13 0 7 7 P2A3/SO4 
LCD42/KS12 © 8 a GND 
LCD 11/KS11 0 9 S XTOQUT 
LCD19/KS19 © = XTIN 
LCDg/KSg © e VDD2 
LCDg/KSg 0 : INT} 
LCD7/KS7 O . INTo 
LCDg/KSg © © POBg 
LCDs /KS5 0 POB,/ADC 
LCD4/KS4 © POB2/STPRLS 
LCD3/KS3 © POB3/Slg 
LCD2/KS2 Oo POAQ/SOg 
LCD1/KS1 oO POA1/SCKo 
LCDQ/KSg © POA2/SCL 


30 31 32 


O O O O O O O O O O O O O O O O O O O O 
MN eK ONN - K OC OIKUIO = 
oo MOQMOvNONY DO XZ | a S = 5 a= id s a 
SeaalQtFQaataadgalsi>oRZaGlx do @ 
25.2 © lf |o 00 = x 7) 
Oo A - © > ” <q 
Y O od O O fo 
Oana = 
POAg to POA3 Input/output ports ADC A/D converter input 
POBg to POB3 Input/output ports SDA Serial data input/output 
POCg to POC3 input/output ports SCL Serial clock input/output 
PODg to POD3 Output ports Slo, SI4 Serial data input 
P1Ag to P1A3 Output ports SOog, SO4 Serial data output 
P1Bo to P1B3 Input/output ports SCKg, SCK4 Serial clock input/output 
P1Co to P1C3 Output ports XIN, XOUT Main clock oscillation circuits 
P1Dg to P1D3 Output ports XTiIn, XTOUT Subclock oscillation circuits 


P2Ag to P2A3 
KSo to KS45 


LCDg to LCD35: 
COMo to COM3: 


Input/output ports 

Key source signal output 
LCD segment signal output 
LCD common signal output 


OSCin, OSCouT : 


IDCo to IDC2 
BLKg to BLK2 
HSYNC 
VSYNC 


IDC oscillation circuits 

IDC display signal output 

Blanking signal output 

Horizontal synchronizing signal input 


Vertical synchronizing signal input 


CKOUT Subclock output 

STPRLS Stop mode release input Vpp1. VoD2 Power supply 
CE Chip enable input GND Ground 
INTo, INT4 External interrupt input 
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BLOCK DIAGRAM 


OSC 


XTin O O XOuUT 


XTOQUT O 


O OSCiN 


IDC OSC 


O OSCOUT 


32kHz Timer | 32 kHz OSC 


= 


BLKo 


IDCo 


INT9 O RAM 


524 x 4 bits 


INT 


HSYNC 
VSYNC 


INT; © 


P1Co/BLKy 
P1C4/IDCy 
P1C2/BLK 
P1C3/IDC2 


PIC 
O OO O 


O LCDo/KSo 
O LCD1/KS, 


O LCD14/KS14 
OQ LCD15/KS15 
@ 


LCD LCD16 


Controller 


ADC 


12288 x 16 bits 


O LCD22 
O LCD23/COM3 
O COM2 
O COM, 
POBo O O COMg 
O LCD24/P1D9 
O 


POB1/ADC O LCDo6/P1} 


POB 


POB2/STPRLS O 
O LCD35/POD3/CKOUT 


POB3/SIq O 


iP oir uu 


oO = Oo 
e || s s él] ef} e : 
” 
O 
ae 


VppD1 


Vpp2 
GND 


it 


POAQ/SOg O 
POA1/SCKy O 
POA2/SCL O 
POA3/SDA O 
P2Ag O 
P2A,/SI1 O 
P2A9/SCK, O 
P2A3/SO1 O 
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LIST OF FUNCTIONS 


Product Name 


pPOWMG!: uPD17P401 
12288 x 16 bits (Mask ROM) 12288 x 16 bits (One-time PROM) 


524 x 4 bits 


System register 12 x 4 bits 


Register file 45 x 4 bits (Control register) 
1.6 us (at 10 MHz oscillator connection) 


7 levels 


Stack levels 


Serial interface 


Interrupt 


@ 2-system, 3-channel 
3-wire and 2-wire 


@ 2channels 


@ 2systems 
Timer 8-bit timer (10 us, 100 us, 500 us, 1 ms (at 10 MHz oscillator connection)) 
Clock timer (100 ms (at 10 MHz oscillator connection)) 


Standby function @ STOP, HALT 
Supply voltage Vpp = 4.5 to 5.5 V (32 kHz clock counter operated at 2.2 to 5.5 V) 
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4-BIT SINGLE-CHIP MICROCONTROLLER FOR VCR CAMERA 


u.PD17P401 is a product which has replaced an on-chip mask ROM in 4-bit single-chip microcontroller 1PD17401 for a 


VTR camera with an on-time PROM. 1PD17401 allows write operation only once. It is effective for small production ofa set, 
and an earlier start-up. 


u.PD17P401 incorporates an image display controller (IDC) and an LCD controller/driver. Since it can be operated on the 


same power-supply voltage as for the mask product, it is the most suitable for preproduction and small production at system 


development. 


FEATURES 

@ Fully compatible with »PD17401 

@ Program memory (one-time PROM): 
12288 x 16 bits 

@ Data memory (RAM): 524 x 4 bits 

@ Stack level: 7 

e@ Instruction set comprising 36 easy-to-understand 
instructions 

@ Decimal operation capability 

@ Instruction execution time: 
1.6 ps (at 10 MHz oscillator connection) 

@ On-chip Image Display Controller (IDC) (user 


programmable) 

Number of display 

characters: Up to 155 characters on one screen 
Display position: 14 lines x 24 digits 

Character types: 256 types 

Character format: 10 x 15 dots (Can be fringed) 
Character size: 4 types can be independently set 
for each of vertical and horizontal directions. 
(14, 28, 42, 56H) (2.5, 5.0, 7.5, 10 ps) 
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On-chip LCD controller/driver 

35-segment, 4-common or 36-segment, 3-common 
On-chip serial interface 

(2-system, 3-channel: 3-wire and 2-wire) 
On-chip 6-bit A/D converter: 1 input 

On-chip 32 kHz clock counter (V,,, = 2.2 to 5.5 V) 
On-chip power failure detection circuit and power- 
on reset circuit 

Interrupt pins: 2 pins 

Various range of I/O ports 

input/output ports: 20 (dual-function pin included) 
Output ports: 16 (dual-function pin included) 

5 V+10% 

CMOS low power consumption 

80-pin plastic QFP (14 x 14 mm) 

Mask PROM product: 

uPD17P401GC-xxx-3B9 is available 


uPD17P401 


LCDig © 
LCD1g © 
LCD17 Oo 
LCD1¢6 © 
LCD15/KS15 oO 
LCD14/KS14 © 
LCD13/KS13 
LCD42/KS12 O 
LCD44/KS11 © 
LCD19/KS19 © 
LCDg/KSg 
LCDg/KSg 
LCO7/KS7 © 
LCD6/KSg © 
LCDs/KS5 oO 
LCD4/KS4 © 
LCD3/KS3 
LCD2/KS2 © 
LCD41/KS; 0 
LCD9/KSg © 


POAg to POA 
POBo to POB3 
POCo to POC3 
PODg to POD3 
P1Ag to P1A3 
P1Bo to P1B3 
P1Co to P1C3 
P1Dg to P1D3 
P2Ag to P2A3 
KSg to KS45 
LCDg to LCD35 
COMo to COM3 
CKOUT 
STPRLS 

CE 

INTo, INT, 
ADC 

SDA 


” 
= 
© 
oO 

o- nO 
NNN SN 
ao a Aa 6 
oo 2 oO 
ok at od 
co 2 g& -@ 


Aan Oar WN 


22 23 24 


P1B2 


Input/output port 
Input/output port 
input/output port 
Output port 
Output port 
Input/output port 
Output port 
Output port 
Input/output port 


PIN CONFIGURATIONS (Top View) 


3 
[o) 
(a) 
a 
S; 
N <— 
2s 5 
565650 
oo Oo 4 
OO OF O QC 


75 74 73 


25 


O O QO OQ 
NN - 
oy o © 
OJ OC a2 
oS 
YVOVO5 
aac @ 


Key source signal output 
LCD segment signal output 
LCD common signal output 


Subclock output 


Stop mode release input 


Chip enable input 


External interrupt input 
A/D converter input 
Serial data input/output 


© LCD25/P1D1/D1 


IDCg © 
BLKg oO 
VSYNC O 


O LCD26/P1D02/D2 
© LCD27/P1D03/D3 
© LCD28/P1A9/D4 


r 
a) 
= 
~ 
U 
= 
3 
Q 
2 
w 
oO 
© 


HSYNC O 


ow oOo Em 

oa 0 

qIqdqaa 
aga ge 
285 83 
oOo a 4 Aa A 
OO VO VO YU 
pe ee ee ee ee | 
OY Oo Q gd OQ 


35 36 37 


GND O 
XIN O 
XOUT O 


Slo, Sly 

SOg, SO4 
SCKo, SCKy 
XIN, XOUT 
XTIN. XTOUT 


© LCD34/POD2 


38 


OSCiN, OSCOQUT : 


IDCo to 1DC2 
BLKg to BLK2 
HSYNC 
VSYNC 

CLK 

MDO to MD3 
DO to D7 

Vpp 

Vpo01. Vob2 
GND 
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© LCD35/P0D3/CKOUT 


POC;/MD1 
POC2/MD2 
POC3/MD3 
P2Ag 
P2A4/SIy 
P2A2/SCK4 
P2A3/SO, 
GND 
XTOUT 
XTIN 
VDD2 
INT 
INTQ/Vpp 
POBg 
POB;/ADC 
POB2/STPRLS 
POB3/SIo 
POAQ/SOg 
POA1/SCKo 
POA2/SCL 


POA3/SDA o 


Serial clock input/output 

Serial data input 

Serial data output 

Serial clock input/output 
Oscillation circuit for main clock 
Oscillation circuit for subclock 
Oscillation circuit for |DC 

IDC Display signal output 
Blanking signal output 

Horizontal synchronous signal input 
Vertical synchronous signal input 
Clock input for PROM 

Mode selection input for PROM 
Data input/output for PROM 
Power supply for PROM 

Power supply 

Ground 
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BLOCK DIAGRAM 


O Xjn/CLK 
O XOuUT 


OSC 
XTIN O 


XTouT O 


32 KHz OSC 


O OSCiN 


OSCouT 


32 kHz Timer 


. | 10C:0S¢C 
C) 


O BLKg 

O IDCo 
9 Hsync 

O VsyNc 


INTQ/Vpp O 


INT 


INT; O 


P1Co/BLKy 
P1C4/IDC4 
P1C2/BLK2 
P1C3/IDC2 


O LCDQ/KSo 
© LCD41/KS4 


Instruct on 


Decoder 


5 LCD14/KS14 
O LCD15/KS15 
LCD —-O LCD16 
Controller : 
-—() LCD99 
O LCD23/COM3 
O COM? 
O COM, 
O COMo 
® LCD24/P1D9/D0 


O LCD25/P104/D1 


One-Time PROM 
12288 x 16 bits 


ADC 


POB,/ADC O 


POBYg O | 


POB2/STPRLS O 
O LCD35/P0D3/CKOUT 


POB3/SIg O 


° 7 O Voo1 
fe) a s ) 3 O Voo2 
(ep) a a [op) 
O GND 
7-29 p++ | 
© @ O) @ O O O OOdOQO OU0O CO 
S254 LHD 8588 ecad's 
2O Bon FF =Bs 2222 caca 
= 2 2 < a-aem 
qo Ss IN OVONO 
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FUNCTION LIST 


Product Name uPD17401 uPD17P401 


ROM 
RAM 
System register 


Register file 


12288 x 16 bits (mask ROM) 12288 x 16 bits (One-time PROM) 


524 x 4 bits 


12 x 4 bits 


45 x 4 bits (control register) 


Port register 


Instruction execution time 


6 x 4 bits 


1.6 us (at 10 MHz oscillation) 


Stack level 


Serial interface 


7 levels 
————— 


@ 2-system, 3 channel 


3-wire and 2-wire 


Interrupt 


Timer 


2 channels 


2-system 


8-bit timer (10 us, 100 us, 500 us, 1 ms (at 10 MHz oscillation)) 
clock timer (100 ms (at 10 MHz oscillation)) 


Standby function 


Power supply voltage 


@ STOP, HALT 


Vpp = 4.5 to 5.5 V (32 kHz counter for clock is operated at 2.2 to 5.5 V. 


Package 


80-pin plastic QFP (14 x 14 mm) 
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Chapter 1 
Chapter 2 
Chapter 3 


Section 3 - Instruction Manual of the .PD17K-Family 
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CHAPTER 1 GENERAL 


1.1 GENERAL DESCRIPTION 


Each instruction of the uPD17000 series is composed of 16 bits per word. The instruction set contains 47 useful 
instructions having the following features: 
(1) Permitting operation between memories in single step 
(2 
(3) Permitting table reference on program memory (ROM) 


~— 


Permitting both binary and decimal calculation 


(4) Permitting branching and subroutine call using the register value as address 


(5) Well-arranged 47 types of instructions 

This manual explains the instructions of the wPD17000 series. However, some instructions are inapplicable or 
limited in usage for certain products. Careful reference should be taken to the data sheet of the product you want 
to use before creating a program. 


1.22 CONFIGURATION OF INSTRUCTION 


The instruction codes of w4PD17000 series are classified into the following three types: 
(1) O operand instruction 
Instructions ‘INC AR’, ‘PUSH AR’, ‘RET’, etc. These instructions have a unique or no operand. 
(2) 1 operand instruction 
Instructions ‘RORC r’, ‘STOP s’, etc. The address or immediate data is described in the operand. 
(3) 2 operand instruction 
Instructions ‘ADD r, m’, ‘ADD m, #i', etc. Two addresses, or an address and immediate data are described in 
the operand. 
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CHAPTER 2 DATA MEMORY ADDRESSING 


A data memory address is composed of a bank (four bits), row address (3 bits) and column address (four bits). 
2.1 DIRECT ADDRESSING OF DATA MEMORY 


When directly specifying data memory, the bank is specified by the BANK (bank register: 79H) of the system 
register, and the row address and column address are specified by the instruction operand m (seven bits). 


[Example] 
If BANK =O, 
MOV 43H, #2H 
Immediate data 
Address (Column address = 3, row address = 4) 
Bank O F +«—Column address 


Oo 1 z 3 4 5 6&6 7 8&8 89 A B C€ wD FE 


Row address 


NEC 


2.2 GENERAL-PURPOSE REGISTER ADDRESSING 


uPD17K-FAMILY 


When specifying a general-purpose register, the bank and row addresses are specified by RPH and RPL (register 
pointer: 7DH, 7EH) of the system register, and the column address is specified by the instruction operand r (four 


bits). 


[Example] 
When BANK = 0, RPH =0, and RPL = 1; 
ST 43H, 2H 
General-purpose register column address 


Address 


RPL RPH 


| Bank O 


| 
0 12 3 4 5 
a ie ER 


: 
ra TTT TT EE TT ET 
Bae: ERRRERERE 


< General-purpose 
register 


6 7 8 9 A B C DB E F 


Bank 1 
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2.3 INDEX MODIFICATION ADDRESSING OF DATA MEMORY 


If IXE (index addressing enable flag: 7FH.O) of the system register is set ‘1’, the data memory address is speci- 
fied as the ORed result of the address specified by the system register BANK (bank register: 79H) and instruction 


operand m (seven bits) and the contents of system register IXH, IXM, and IXL (index register: 7AH, 7BH, and 
7CH). 


[Example] 
If BANK = 0, IXE=1, IXH=0, IXM=0OEH, and IXL = 8; 
MOV 43H, #2H 
Immediate data 

Address 

Data memory address = [BANK, m] OR [IXH, IXM, IXL] 
= [0000 1000011B} OR [000 1110 1000B]) 
= [0001 1101011B] 
= 6BH of bank 1 


Bank O O D CE F 
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2.4 GENERAL-PURPOSE REGISTER INDIRECT ADDRESSING OF DATA MEMORY 


The data memory address specification method for executing the general-purpose register indirect transfer in- 
struction ‘MOV @r, m’ and ‘MOV m, @r’ is explained below. 


(1) When MPE =O, IXE=0 
The bank for direct specification by operand m is specified by the system register BANK (bank register: 79H) 
and the row address and column address are specified by the instruction operand m (seven bits). 
The bank for indirect specification by operand @r is specified by the system register BANK (bank register: 
79H), and the row address is specified by the upper three bits of operand m. The column address is specified by 
the value of the general-purpose register. The bank and row address of the general-purpose register are specified 
by the system register RPH and RPL (register pointer: 7DH, 7EH), and the column address is specified by the 
instruction operand r (four bits). 
Accordingly, indirect transfer with MPE = 0 and |IXE = 0 occurs within the same row address of the same bank. 


[Example] 
When BANK = 0, RPH = 0, RPL = 0, and the value of address 0.02H is 8H; 
MOV 43H, @2H 


Indirect specification address 
Direct specification address 
Direct specification address = [BANK, m] 
= [0000 1000011B] 
= 43H of bank 0 
Indirect specification address = [BANK, m6.q, (R)] 
= [0000 100 1000B] 
48H of bank O 


RPL  RPH 
| 
BankO 0 1 2 3 4 5 6 7 8 9 A B C D E F 


Bank 1 


The memory area 74H to 7FH of each bank 
is the system register. 
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(2) When MPE = 1 and IXE=0 


The bank for direct specification by operand m is specified by the system register BANK (bank register: 79H), 
and the row address and column address are specified by the instruction operand m (seven bits). 

The bank for indirect specification by operand @r and the row address are specified by the MPH and MPL 
(memory pointer: 7AH, 7BH) of the system register, and the column address is specified by the value of the 
general-purpose register. The bank and row address of the general-purpose register are specified by the RPH and 
RPL (register pointer: 7DH, 7EH) of the system register, and the column address is specified by the instruction 
operand r (four bits). 

Accordingly, when MPE = 1 and IXE = 0, indirect data transfer is allowed between any data memories. 


[Example] 
When BANK = 0, MPH = 0, MPL = 3, RPH =O, RPL = 0, and the value of 0.02H address is 8H; 
MOV 43H, @2H 
Indirect specification address 
Direct specification address 
Direct specification address = [BANK, m] 
= [0000 1000011B] 
= 43H of bank 0 
Indirect specification address = [MPH, MPL, (R)] 
= [000 0011 1000B} 
= 38H of bank 0 


The memory area 74H to 7FH of each bank 
is the system register. 


The memory area 74H to 7FH of each bank 
is the system register. 
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(3) When MPE = O and IXE= 1 
The bank, row address and column address for direct specification by operand m are specified by the ORed 


result of the address specified by the system register BANK (bank register: 79H) and instruction operand m 
(seven bits) and the contents of system registers |XH, IXM and |XL (index registers: 7AH, 7BH, 7CH). 

The bank and row address of the indirect specification by operand @r are specified by the ORed result of 
the address specified by the system register BANK (bank register: 79H) and the upper three bits of operand 
m and the contents of system registers |XH and |IXM (index registers: 7AH, 7BH). The column address is 
specified by the value of the general-purpose register. The bank and row address of the general-purpose register 
are specified by the system registers RPH and RPL (register pointers: 7DH, 7EH), and the column address is 


specified by the instruction operand r (four bits). | 
If MPE =O and IXE = 1, indirect transfer of data occurs within the same row address of the same bank. 


[Example] 
When BANK = 0, !XH=0, IXM=2, |XL=4, RPH = 0, RPL = 0, and the value of address 0.02H is 8H; 
MOV 43H, @2H 
Indirect specification address 
Direct specification address 
Direct specification address = [BANK,m] OR [IXH, IXM, IXL] 
= [0000 1000011B] OR [000 0010 0100B] 
= [0000 1100111B] 
= 67H of bank 0 
Indirect specification address = [BANK, mg.q, (R)] OR [IXH, 1XM, 0] 
= [0000 100 1000B] OR [000 0010 00008] 
= [0000 101 1000B] 
= 58H of bank 0 


w 


o 
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(4) When MPE = 1, IXE=1 
The bank, row address, and column address by direct specification with operand m are specified by the ORed 
result of the address specified by the system register BANK (bank register: 79H) and instruction operand m 
(seven bits) and the contents of the system registers |XH, IXM, and IXL (index registers: 7AH, 7BH and 7CH). 
The bank and row address by indirect specification with operand @r is specified by the system registers MPH 
and MPL (memory pointers; 7AH, 7BH), and the column address is specified by the value of the general-purpose 
register. The bank and row address of the general-purpose register are specified by the system registers RPH and 
RPL (register pointers: 7DH, 7EH), and the column address is specified by the instruction operand r (four 
bits). 
Accordingly, indirect data transfer with MPE = 1 and |IXE = 1 is allowed between any data memories. 


[Example] 
When BANK = 0, IXH (MPH) = 0, IXM (MPL) = 2, IXL=4, RPH=0, RPL = 0, and value of address 0.02H is 8H; 
MOV 43H, @2H 
Indirect specification address 
Direct specification address 
Direct specification address = [BANK,m] OR [IXH, IXM, IXL] 
= [0000 1000011B] OR [000 0010 0100B] 
= [0000 11001118] 
= 67H of bank 0 
Indirect specification address = [MPH, MPL, (R)] 
= [000 0010 100008) 
= 28H of bank 0 


2 3 4 5 6 7 8 9 A B C D €E F 
el PTT TET TT 


BankO O 1 


The memory area 74H to 7FH of each bank 
is the system register. 


The memory area 74H to 7FH of each bank 
7 is the system register. 
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CHAPTER 3 INSTRUCTION SET 


This chapter explains the instruction set. The abbreviations used in the explanation of instruction set are shown 


below: 
(X) : Value of data memory or register indicated by X (four bits) 
[X, Y, Z] : Address consisting of upper 4 bits (X), medium 3 bits (Y) and lower 4 bits (Z) (Total 11 bits) 
M : Data memory address 
If IXE =0, then M= [(BANK), my, mi] 
If IXE=1, then M= [(BANK), my, mi] OR (1X) 
IXE : Index enable flag 
(BANK) : Bank register value (4 bits) 
mH : Data memory row address (3 bits) 
mL : Data memory column address (4 bits) 
(1X) : Index register value (11 bits) 
R : General-purpose register address 
R = [(RPy), (RPL), 1] 
(RP) : General-purpose register bank (4 bits) 
(RP, ) : General-purpose register row address (3 bits) 
r : General-purpose register column address (4 bits) 
: immediate data (4 bits) 
addr : Address of branching destination 
CY : Carry flag 
SP : Stack pointer 
STACK :. Stack value indicated by stack pointer 
AR : Address register 
DBF : Data buffer 
WR : Window register 
rf : Register file address 
rfy : Upper 3 bits of register file address 
rf : Lower 4 bits of register file address 
p : Address of peripheral circuit 
PH : Upper 3 bits of peripheral circuit address 
DL : Lower 4 bits of peripheral circuit address 


Note: Unless otherwise specified, the following conditions are used: 


BANK =0 
RPH =0,RPL=0 
IXE =O 


The data memory address is represented by direct address. When actually using an assembler, be sure to use 
the type MEM symbol. Any description of memory address directly into the operand will cause an error. 
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3.1 ADDr,m Add data memory to general register 


(1) Instruction code 
| coo fom | om | 


(2) Function 
If CMP =0, R « (R) + (M) 
The contents of the data memory addressed by M is added to the contents of the general-purpose register 
indicated by R, and the results are stored into the general-purpose register indicated by R. 
If CMP = 1, then (R) + (M) 
No results are stored. The flag only changes. 


If a carry is made, set a carry flag (CY). If no carry is made, reset the carry flag (CY). 

If the result of addition is other than zero, the zero flag (Z) is reset. 

If the result of addition is zero, the zero flag (Z) will be set when the compare flag is in the reset status (CMP = 
0). When the compare flag is in the set status (CMP = 1), the zero flag (Z) will not be changed if the result of 
addition is zero. 

There are two types in addition: binary operation and BCD operation. The addition type is selected by the BCD 
flag (BCD) of PSW. 


(3) Example 1 
When the row address 0 (0.00H to 0.0FH) of bank O is specified as general-purpose register (RPH = 0, RPL =0), 
the result of addition of the contents of 0.2FH address is stored to the contents of 0.03H address. 
0.03H + (0.03H) + (0.2FH) 
MOV BANK, #00H ; Data memory bank 0 


MOV RPH, #00H =; _ General-purpose register bank to 0 
MOV RPL, #00H_ =; General-purpose register row address to 0 
ADD 03H, 2FH 

Example 2 


When row address 2 (1.20H to 1.2FH) of bank 1 is specified as general-purpose register (RPH = 1, RPL = 4), 
the content of address 1.23H is added to the content of address 0.2FH, and the results are stored into address 
1.23H. 

1.23H + (1.23H) + (0.2FH) 

MOV BANK, #00H ; Data memory bank 0 


MOV RPH, #01H_ ; General-purpose register bank 1 
MOV RPL, #04H_ =; General-purpose register row address 2 
ADD 03H, 2FH 
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Example 3 
The result of addition of. the contents of address 0.03H and address 0.6FH is stored into address 0.03H. If 


IXE = 1, IXH = 0, IXM = 4, and IXL = O, that is, if 1X = 0.40H, then the data memory 0.6FH can be specified 
by setting the data memory address at 2FH. 


0.03H < (0.03H) + (0.6FH) 
ORed result of index register content 0.40H and data memory 


address 0.2FH 

MOV RPH, #00H_ ; General-purpose register bank O 

MOV RPL, #00H =; _ General-purpose register row address O 

MOV IXH, #00H ; IX «00001000000B 

MOV IXM, #04H__ ; 

MOV IXL, #00H ‘ 

SET1 IXE >; IXE flag<1 

ADD 03H, 2FH > UK 00001000000B (0.40H) 
; Bank operand OR ) 00000101111B (0.2FH) 
; Specified address 00001101111B (0.6FH) 


Example 4 
The result of addition of the contents of address 0.03H and address 2.3FH is stored into address 0.03H. If 


IXE = 1, IXH = 1, IXM = 1, and IXL = 0, that is, if 1X = 2.10H, then the data memory 2.3FH can be specified 
by setting the data memory address at 2FH. 


0.03H < (0.03H) + (2.3FH) 
ORed result of the content of index register 2.10H and data memory 


address 0.2FH 

MOV BANK, #00H 

MOV RPH, #00H =; _ General-purpose register bank O 

MOV RPL, #00H_ =; General-purpose register row address 0 

MOV IXH, #01H  ; 1X «00100010000B (2.10H) 

MOV IXM, #01H 

MOV IXL, #00H 

SET1 IXE >; IXE flag<1 

ADD 03H, 2FH ; IX 00100010000B (2.10H) 
; Bank operandOR ) 00000101111B (0.2FH) 
; Specified address 00100111111B (2.3FH) 


(4) Note 
The 1st operand of ‘ADD r, m’ instruction is the column address of general-purpose register. If it is described as 


follows, the general-purpose register column address is taken as O3H. This will not cause any error in assembling. 
ADD 13H, 2FH 
General-purpose register column address is meant. 
The lower 4 bits are significant. 
lf CMP flag = 1, no added result is stored. 
lf BCD flag = 1, the result of decimal operation is stored. 
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3.2 ADD n, #i Add immediate data to data memory 


(1) Instruction code 
| oo fom | om | 


(2) Function 
lf CMP = 0, then M < (M) +i 
The immediate data i is added to the content of data memory addressed by M, and the result is stored into the 
data memory addressed by M. 
If CMP = 1, then (M) +i 
No result is stored. Only the flag changes. 


If any carry occurs as a result of addition, the carry flag (CY) is set. If no carry occurs, the carry flag (CY) is 
reset. 

If the result of addition is other than zero, the zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare 
flag is set (CMP = 1), the zero flag (Z) will not change when the result of addition turns zero. 

There are two types of addition: binary operation and BCD operation. The addition type is specified by the 
BCD flag (BCD) of PSW. 


(3) Example 1 
Value 5 is added to the content of address 0.2FH, and the result is stored to address 0.2FH. 
0.2FH « (0.2FH) +5 
ADD 2FH, #05H 


Example 2 
Value 5 is added to the content of address 0.6FH, and the result is stored to address 0.6FH. If IXE = 1, 
IXH = 0, IXM = 4, and IXL =0, that is, if 1X = 0.40H, then the data memory 0.6FH can be specified by setting 
the data memory address at 2FH. 
0.6FH < (0.6FH) + O5H 
ORed result of the index register content 0.40H and data 
memory address 0.2FH 
MOV BANK, #00H ; Data memory bank 0 
MOV IXH, #00H ; 1X <000010000008B (0.40H) 
MOV |IXM, #04H 
MOV IXL, #00H 


SET1 IXE ; \IXE flag<1 

ADD 2FH, #05H ; IX 00001000000B 
; Bank operandOR _) 00000101111B (0.2FH) 
; Specified address 00001101111B (0.6FH) 
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Example 3 

Value 5 is added to the content of address 2.2FH, and the result is stored to address 2.2FH. If IXE = 1, 
IXH = 1, IXM = O and IXL = 0, that is, if 1X = 2.00H, then the data memory 2.2FH can be specified by setting 
the data memory address at 2FH. 


2.2FH + (2.2FH) + 05H 
ORed result of index register content 2.00H and data 


memory address 0.2FH 
MOV BANK, #00H ; Data memory bank 0 
MOV IXH, #01H ; iX«00100000000B 


MOV IXM, #00H 
MOV IXL, #00H 


SET1 IXE ; XE flag<1 
ADD 2FH, #05H ; IX 00100000000B (2.00H) 
; Bank operandOR _) 00000101111B (0.2FH) 
Specified address 00100101111B (2.2FH) 
(4) Note 


lf CMP flag = 1, then no addition result is stored. 
lf BCD flag = 1, the result of decimal operation is indicated. 
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3.3 ADDCr,m Add data memory to general register with carry flag 


(1) Instruction code 


(2) Function 
If CMP = 0, then R « (R) + (M) + CY 
The content of general-purpose register indicated by R, the content of data memory addressed by M and the 
value of carry flag (CY) are added, and the result is stored into the general-purpose register indicated by R. 
If CMP = 1, then (R) + (M) + CY 
The result of addition is not stored. Only the flag is changed. 


Use of this ‘ADDC’ instruction permits addition to two words or more can be performed easily. 

If a carry occurs as a result of addition, the carry flag (CY) is set; if no carry occurs, the carry flag (CY) is reset. 
If the result of addition is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare 
flag is set (CMP = 1), the zero flag (Z) will not change when the result of addition turns zero. 

There are two types of addition: binary operation and BCD operation. The addition type is specified by the 
BCD flag (BCD) of PSW. 


(3) Example 1 

When row address 0 (0.00H to 0.0FH) of bank 0 is specified as a general-purpose register, the 12-bit content of 
address 0.2DH-0.2FH is added to the 12-bit content of address 0.0DH-O0.0FH, and then the result is stored into 
the 12-bit area of address O.0DH-0.0FH. 

0.0FH + (0.0FH) + (0.2FH) 

0.0EH + (0.0EH) + (0.2EH) + CY 

0.0DH + (0.0DH) + (0.2DH) + CY 

MOV BANK, #00H ; Data memory bank 0 

MOV RPH, #00H_ =; General-purpose register bank O 

MOV RPL, #00H =; General-purpose register row address 0 

ADD OFH, 2FH 

ADDC OEH, 2EH 

ADDC ODH, 2DH 
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Example 2 
When row address 2 (1.20H to 1.2FH) of bank 1 is specified as a general-purpose register, the 12-bit content of 


address 1.2DH to 1.2FH is shifted to the left including a carry flag by one. 


CY Bank 2 Bank 2 Bank 2 CY 
(Carry flag) Address 2DH Address 2EH Address 2FH (Carry flag) 


PJ-LET TE -LEE TE -LETI-u 


MOV RPH, #01H =;  General-purpose register bank 1 

MOV RPL, #04H =; General-purpose register row address 2 
MOV BANK, #01H ; Data memory bank 1 

ADDC OFH, 2FH 

ADDC OEH, 2EH 

ADDC ODH, 2DH 


Example 3 
The content of address 0.0FH and the contents of addresses 0.40H to 0.4FH are added, and then store the 
result into address 0.0FH. 
0.0FH « (0.0FH) + (0.40H) + (0.41H) +... + (0.4FH) 
MOV BANK, #00H ; Data memory bank O 
MOV RPH, #00H_ ; General-purpose register bank O 
MOV RPL, #00H_ ; General-purpose register row address 0 
MOV IXH, #00H_~ ; 1X +«00001000000B (0.40H) 
MOV IXM, #04H 
MOV IXL, #00H 


LOOP1: 
SET1 IXE ; IXE flag<1 
ADD OFH, OOH 
CLR1 IXE ; IXE flag<O 
INC IX . Te ik 
SKE IXL, #0 
JMP LOOP1 
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NEC 


The 12-bit contents of addresses 1.40H to 1.42H are added to the 12-bit contents of addresses 0.ODH to 0.0FH, 
then the result is stored to the 12-bit area of addresses 0.ODH to 0.0FH. 
0.0DH + (0.0DH) + (1.40H) 
0.0EH + (0.0EH) + (1.41H) + CY 
0.0FH + (0.0FH) + (1.42H) + CY 
MOV BANK, #00H ; Data memory bank 0 
MOV RPH, #00H =; General-purpose register bank O 
MOV RPL, #00H ; General-purpose register row address 0 
MOV IXH, #00H ; 1X «00011000000 (1.40H) 
MOV IXM, #0CH 
MOV IXL, #00H 


SET1 IXE ; IXE flag<1 

ADD ODH, 00H ; 0.0DH + (0.0DH) + (1.40H) 
ADDC OEH, 01H =; 0O.0EH « (0,0EH) + (1.41H) 
ADDC OFH, 02H ; O.OFH + (0.0FH) + (1.42H) 
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3.4 ADDC nm, #i Add immediate data to data memory with carry flag 


(1) 


(2) 


(3) 


Instruction code 


Function 

If CMP=0: M<«(M)+i+CY 

The values of immediate data i and carry flag (CY) are added to the content of data memory addressed by M, 
and the result is stored to the data memory addressed by M. 

If CMP =1: (M)+i+CY 

The result is not stored. Only the flag is changed. 


If a carry occurs as a result of addition, the carry flag (CY) is set; if no carry occurs, the carry flag (CY) is 
reset. 

If the result of addition is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of addition is zero, the zero flag (Z) is set. If the compare 
flag is set (CMP = 1), the zero flag (Z) will not change when the result of addition turns zero. 

There are two types of addition: binary operation and BCD operation. The addition type is specified by the 
BCD flag (BCD) of PSW. 


Example 1 
The value 5 is added to the 12-bit contents of addresses 0.0DH to 0.0FH, and then the result is stored to the 
addresses 0.0DH to 0.0FH. 

0.0FH « (0.0FH) + O5H 

0.0EH + (0.0EH) + CY 

0.0DH < (0.0DH) + CY 

MOV BANK, #00H; Data memory bank 0 

ADD OFH, #05H 

ADDC OEH, #00H 

ADDC ODH, #00H 
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Example 2 


NEC 


The value 5 is added to the 12-bit contents of addresses 0.4DH to 0.4FH, and the result is stored to the ad- 


dresses 0.4DH to 0.4FH. 
0.4FH + (0.4FH) + 05H 
0.4EH + (0.4EH) + CY 
0.4DH < (0.4DH) + CY 
MOV BANK, #00H ; 
MOV IXH, #00H 
MOV IXM, #04H 
MOV IXL, #00H 
SET1 IXE ; 
ADD OFH, #5 
ADDC OEH, #0 
ADDC ODH, #0 


Data memory bank 0 
1X « 000010000008 (0.40H) 


IXE flag <1 

0.4FH + (0.4FH) + 05H 
0.4EH + (0.4EH) + CY 
0.4DH + (0.4DH) + CY 
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3.5 SUBr,m Subtract data memory from general register 


(1) Instruction code 


Ss Se 


(2) Function 


(3 


~— 


If CMP =0: R<«(R) —(M) 

The content of data memory addressed by M is subtracted from the content of general-purpose register indi- 
cated by R, and the result is stored into the general-purpose register indicated by R. 

If CMP =1: (R) — (M) 

The result is not stored. Only the flag is changed. 


If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 
is reset. 

If the result of subtraction is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 
compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero. 

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by 
the BCD flag (BCD) of PSW. 


Example 1 
When row address 0 (0.00H to 0.0FH) of bank 0 is specified as general-purpose register (RPH = 0, RPL = 0), the 
content of address 0.2FH is subtracted from the content of address 0.03H, then the result is stored to the 
address 0.03H. 

0.03H « (0.03H) — (0.2FH) 

SUB 03H, 2FH 


Example 2 
When bank 1 row address 2 (1.20H to 1.2FH) is specified as general-purpose register (RPH = 1, RPL = 4), the 
content of address 0.2FH is subtracted from the content of address 1.23H, and the result is stored to the 
address 1.23H. 

1.23H < (1.23H) — (0.2FH) 

MOV BANK, #00H ; Data memory bank 0 

MOV RPH, #01H ; General-purpose register bank 1 

MOV RPL, #04H ; General-purpose register row address 2 

SUB 03H, 2FH 
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Example 3 
The content of address 0.6FH is subtracted from the content of address 0.03H, and the resuit is stored to the 


address 0.03H. If IXE = 1, IXH=0, 1XM=4, and IXL = 0, that is, if IX =0.40H, then the data memory 0.6FH 
can be specified by setting the data memory address at 2FH. 

0.03H < (0.03H) — (0.6FH) 

MOV BANK, #00H ; Data memory bank 0 

MOV RPH, #00H _ =; _ General-purpose register bank 0 

MOV RPL, #00H =; General-purpose register row address O 

MOV IXH, #00H ; IX <00001000000B (0.40H) 

MOV IXM, #04H__ ; 

MOV IXL, #00H_ ; 


SET1 IXE ; IXE flag «1 
SUB 03H, 2FH ; IX 00001000000B (0.40H) 
; Bank operand OR 00000101111B (0.2FH) 
; Specified address 00001101111B (0.6FH) 
Example 4 


The content of address 2.3FH is subtracted from the content of address 0.03H, and the result is stored to the 
address 0.03H. If IXE = 1, IXH = 1, IXM=1 and IXL=0, that is, if 1X =2.10H, then the data memory Z.3FH 
can be specified by setting the data memory address at 2FH. 

0.03H + (0.03H) — (2.3FH) 

MOV BANK, #00H ; Data memory bank 0 

MOV RPH, #00H =; _ General-purpose register bank O 

MOV RPL, #00H ; General-purpose register row address 0 

MOV IXH, #01H ; 1X <«<00100010000B (2.10H) 

MOV IXM, #01H_ ; 

MOV IXL, #00H_ ; 


SET1 IXE ; IXE flag +1 
SUB 03H, 2FH ; IX 00100010000B (2.10H) 
; Bank operandOR .) 00000101111B (0.2FH) 
: Specified address 00100111111B (2.3FH) 
(4) Note 


The 1st operand of the ‘SUB r, m’ instruction must be a general-purpose register address. The address 03H is 
specified as a register if described as follows. This will not cause an error in assembling. 


SUB 13H, 2FH 
The general-purpose register address must fall within the range from OOH to OFH 


(with register pointer set at other than row address 1). 
lf CMP flag = 1, the subtracted result is not stored. 
if BCD flag = 1, the result of decimal operation is stored. 
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3.6 SUB 1, #i Subtract immediate data from data memory 


(1) 


(2) 


(3) 


Instrctuion code 


Function 

lf CMP =0: M<(M) —i 

The immediate data i is subtracted from the content of data memory addressed by M, and the result is stored 
into the data memory addressed by M. 

If CMP =1: (M) —i 

The result is not stored. Only the flag is changed. 


If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 
is reset. 

If the result of subtraction is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 
compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero. 

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by 
the BCD flag (BCD) of PSW. 


Example 1 

Value 5 is subtracted from the contents of address 0.2FH, and the result is stored to the address 0.2FH. 
0.2FH « (0.2FH) — 5 
SUB 2FH, #05H 


Example 2 
The value 5 is subtracted from the content of address 0.6FH, and the result is stored to the address 0.6FH. If 
IXE = 1, IXH =0, IXM = 4, and IXL = 0, that is, if 1X =0.40H, then the data memory 0.6FH can be specified 
by setting the data memory address at 2FH. 
0.6FH < (0.6FH) — 5 
ORed result of the content 0.40H of index register and the data 
memory address 0.2FH 
MOV BANK, #00H ; Data memory bank 0 
MOV IXH, #00H  ; 1X <00001000000B (0.40H) 
MOV IXM, #04H_ ; 
MOV IXL, #00H_ ; 


SET1 IXE ; IXE flag <1 

SUB 2FH, #05H ; |X 00001000000B (0.40H) 
; Bank operandOR _) 00000101111B (0.2FH) 
~ Specified address 00001101111B (0.6FH) 
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Example 3 
The value 5 is subtracted from the content of address 2.2FH, and the result is stored to the address 2.2FH. If 
IXE = 1, IXH= 1, 1XM = 0, and IXL = O, that is, if 1X = 2.00H, then the data memory 2.2FH can be specified 


by setting the data memory address at 2FH. 

2.2FH + (2.2FH) —5 
ORed result of the content 2.00H of index register and the data 
memory address 0.2FH 

MOV BANKO, #00H; Data memory bank 0 

MOV IXH, #01H ; 1X <00100000000B (2.00H) 

MOV IXM, #00H 

MOV IXL, #00H _ ; 


SETI [XE ; IXE flag+ 1 
SUB 2FH, #05H . LK 00100000000B (2.09H) 
; Bank operandOR _) 00000101111B (0.2FH) 
Specified address 00100101111B (2.2FH) 
(4) Note 


lf CMP flag = 1, no subtract result is stored. 
If BCD flag = 1, the result of decimal! operation is stored. 
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3.7 SUBCr,m Subtract data memory from general register with carry flag 


(1 


) 


(2) 


(3 


— 


Instruction code 


Function 

If CMP =0: R<«(R) —(M)—CY 

The content of data memory indicated by address M and the value of carry flag (CY) are subtracted from the 
content of general-purpose register indicated by R, and the result is stored into the general-purpose register 
indicated by R. Use of this SUBC instruction permits subtraction of more than two words to be performed 
easily. 

If CMP =1: (R) —(M) —CY 

The result is not stored. Only the flag is changed. 


If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 
is reset. 

If the result of subtraction is other than zero, then zero flag-(Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 
compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero. 

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified 
by the BCD flag (BCD) of PSW. 


Example 1 
When bank O row address 0 (0.00H to 0.0FH) is specified as general-purpose register, the 12-bit contents of 
addresses 0.2DH to 0.2FH are subtracted from the 12-bit content of addresses 0.0DH to 0.0FH, and then the 
result is stored into the 12-bit area of addresses 0.ODH to 0.0FH. 

0.0FH « (0.0FH) — (0.2FH) 

0.0EH « (0.0EH) — (0.2EH) — CY 

0.0DH « (0.0DH) — (0.2DH) — CY 

SUB: OFH, ZFH 

SUBC OEH, 2EH 

SUBC ODH, 2DH 
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NEC 


Example 2 


The contents of 12 bits from addresses 1.40H to 1.42H are subtracted from the contents of 12 bits from ad- 
dresses 0.ODH to 0.0FH, and then the result is stored to the 12 bits from 0.0DH to 0.0FH. 

0.0DH « (0.0DH) — (1.40H) 

0.0EH + (0.0EH) — (1.41H) — CY 

0.0FH « (0.0FH) — (1.42H) — CY 

MOV BANK, #00H ; 


MOV RPH, #00H 
MOV RPL, #00H 
MOV IXH, #00H 
MOV IXM, #0CH 
MOV IXL, #00H 
SET1 IXE 

SUB ODH, OOH 
SUBC OEH, 01H 
SUBC OFH, 02H 


Example 3 


’ 


‘ 


‘ 


Data memory bank O 


General-purpose register bank O 


General-purpose register row address 0 
1X « 00011000000B (1.40H) 


IXE flag + 1 

0.0DH « (0.0DH) — (1.40H) 
0.0EH + (0.0EH) — (1.41H) 
0.0FH « (0.0FH) — (1.42H) 


The contents of 12 bits from addresses 0.00H to 0.03H and the contents of 12 bits from addresses 0.0CH to 
0.0FH are compared. If identical, jump is made to LAB!; if different, jump is made to LABZ2. 


SET2 CMP, Z 


SUB OOH, OCH 


SUBC 01H, ODH ; 
SUBC. 02H, OEH 
SUBC 03H, OFH 


SKF1 Z 
BR LAB1 
BR LAB2 
LAB1: 
LAB2: 


’ 
‘ 


‘ 


‘ 


CMP flag « 1, Z flag < 1 

The contents of addresses 0.00H-0.03H 
are not changed because the CMP flag is 
set. 


If proven as identical by comparison, Z 


flag = 1; if proven as different, Z 
flag = 0. 
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3.8 SUBC Mm, #i Subtract immediate data from data memory with carry flag 


(1) Instruction code 


(2) 


| tor fom fom | | 


Function 

If CMP =0: M<(M) —i—CY 

The immediate data i and the value of carry flag (CY) are subtracted from the content of data memory ad- 
dressed by M, and the result is stored into the data memory addressed by M. 

If CMP =1: (M) —i—CY 

The result is not stored. Only the flag is changed. 


If a borrow occurs as a result of subtraction, the carry flag (CY) is set; if no borrow occurs, the carry flag (CY) 
is reset. 

If the result of subtraction is other than zero, then zero flag (Z) is reset. 

If the compare flag is reset (CMP = 0) when the result of subtraction is zero, the zero flag (Z) is set. If the 
compare flag is set (CMP = 1), the zero flag (Z) will not change when the result of subtraction turns zero. 

There are two types of subtraction: binary operation and BCD operation. The subtraction type is specified by 
the BCD flag (BCD) of PSW. 


Example 1 
Value 5 is subtracted from the contents of 12 bits of addresses 0.0DH to 0.0FH, and the result is stored to 
addresses 0.0DH to 0.0FH. 

0.0FH « (0.0FH) — O5H 

0.0EH + (0.0EH) — CY 

0.0DH + (0.0DH) — CY 

SUB OFH, #05H 

SUBC OEH, #00H 

SUBC ODH, OOH 


Example 2 
Value 5 is subtracted from the contents of 12 bits of addresses 0.4DH to 0.4FH, and the result is stored into 
addresses 0.4DH to 0.4FH. 

0.4FH « (0.4FH) — O5H 

0.4EH « (0.4EH) — CY 

0.4DH < (0.4DH) — CY 

MOV BANK, #00H ; Data memory bank 0 

MOV IXH, #00H ; 1X <00001000000B (0.40H) 

MOV !IXM, #04H 

MOV IXL, #00H _ ; 


SETI IKE > IXE flag <1 
SUB OFH, #5  (0.4FH) (0.4FH) — 05H 
SUBC OEH, #0 —_;_- (0.4EH) (0.4EH) — CY 
SUBC ODH, #0 —;_-(0.4DH) (0.4DH) — CY 
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Example 3 
The contents of 12 bits of addresses 0.00H to 0.03H and OA3FH of the immediate data are compared. If’ 
identical, jump is made to LAB?; if different, jump is made to LAB2. 

SET2Z CMP, Z ; CMP flag «1, Z flag <1 

SUB 00H, #0H ; Thecontents of addresses 0.00H to 0.03H 

SUBC 01H, #AH;_ remain unchanged because the CMP flag is 

SUBC 02H, #3H ; set. 

SUBC 03H, #FH 


SKF1 Z ; If identical in comparison, Z flag = 1; 
BR LAB1 ; if different, Z flag =O 
BR LAB2 


LAB1: 


LAB2: 
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3.9 


INC AR Increment address register 


(1) Instruction code 


(2) 


(3) 


ie | ee |e 


Function 
AR < (AR) + 1 
Address register (AR) is incremented. 


Example 1 
Value 1 is added to the contents of 16 bits of AR3 to ARO (address register) in the system register, and the 
result is stored from AR3 to ARO. 
ARO « ARO + 1 
AR1 + AR1 + CY 
AR2 «+ AR2 + CY 
AR3 «+ AR3 + CY 
INC AR 
This instruction can be performed by using addition instruction as follows: 
ADD ARO, #01H 
ADDC AR1, #00H 
ADDC AR2, #00H 
ADDC AR3, #00H 


Example 2 
The table data is transferred to DBF (data buffer) in units of 16 bits (one address). (For details, refer to 3.26 
“MOVT Instruction’) 


; Address Table data 
010H DW OFSPFH 
011H DW 0A123H 
012H DW OFFFIH 
013H DW OFFF5H 
014H DW OFFITH 
MOV AR3, #0H ; Table data address 
MOV AR2, #0H ; 0O10H is set into address 
MOV AR1, #1H ;_ register. 
MOV ARO, #0H 
LOOP: 
MOVT @AR ; Table data is read into DBF. 
; Table data referencing 
INC AR ; Address register is incremented 
BR LOOP by 1. 
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(4) Note 
The number of bits allowed for use with address registers (AR3, AR2, AR1, ARO) vary with the device types. 
When using, reference should be made to the appropriate manual of the device to be used. 
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3.10 INC IX Increment index register 


(1) Instruction code 


(2) Function 
IX <= (1X) +1 
The index register (1X) is incremented. 


(3) Example 1 
Value 1 is added to the content of 12 bits of IXH to IXL (index register) in the system register, and the result is 
stored into the IXH to IXL. 
AeA 
IXM «+ 1XM+ CY 
IXH«+IXH+CY 
INC IX 
This operation can be performed by using the addition instruction as follows: 
ADD IXL, #01H 
ADDC |IXM, #00H 
ADDC |XH, #00H 


Example 2 
The contents of data memory 0.00H to 0.73H are all turned ‘0’ using the index register. 
MOV IXH, #00H =; Thecontents of index register 


MOV IXM, #00H_ =; areall set at OOH of bank O. 
MOV IXL, #00H_ ; 


RAM clear: 
SET1 IXE ; XE flag<1 
MOV OOH, #00H_ =; Ois written into the data memory indicated by the index register. 
CLR1 IXE ; IXE flag <0 
INC IX 
SET2 CMP, Z ; CMP flag « 1, Z flag « 1 
SUB IXL, #03H ; Whether the content of index 
SUBC IXM, #07H_ ;_ register turned to 73H of bank 0 
SUBC IXH, #00H_ ;_ is checked. 
SKT1 Z - Loop is repeated until the contents 
BR RAM clear ; of index register turns to 73H of 


> bank 0. 
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3.11 SKE m, #i Skip if data memory equal to immediate data 


(1) Instruction code 
poor fom fom ft 


(2) Function 
If the content of the data memory addressed by M is equal to the value of immediate data i, then the instruction 
that follows is skipped. 


(3) Example 
OFH is transferred to address 24H if the content of address 24H is 0. If not 0, control jumps to OPE1. 
SKE 24H, #00H 


BR OPE! 
MOV 24H, #0FH 
OPE1 : 
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3.12 SKGE m, #i Skip if data memory greater than or equal to immediate data 


(1) Instruction code 


(2) Function 
If the content of the data memory addressed by M is greater than the value of immediate data i, then the 
instruction that follows is skipped. 


(3) Example 
If the 8-bit data stored in address 1FH (upper) and address 2FH (lower) is greater than the immediate data 
‘17H’, then RET occurs; otherwise, RETSK occurs. 
SKGE 1FH, #1 
RETSK 
SKNE 1FH, #1 
SKLT 2FH, #8 ; 7+1 
RET 
RETSK 
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3.13 SKLT m, #i Skip if data memory less than immediate data 


(1) Instruction code 
Povo fom fom fo 


(2) Function 
If the content of data memory addressed by M is less than the value of immediate data i, then the instruction 
that follows is skipped. 


(3) Example 
If the content of address 10H is greater than the immediate data ‘6’, then 01H is stored into address OFH;: if 
less than the immediate data ‘6’, 02H is stored into address OFH. 
MOV OFH, #02H 
SKLT 10H, #06H 
MOV  OFH, #01H 
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3.14 SKNE m, #i Skip if data memory not equal to immediate data 


(1) Instruction code 


(2) Function 
If the content of data memory addressed by M is different from the value of immediate data i, then the instruc- 
tion that follows is skipped. 


(3) Example 
If the content of address 1FH is 1 and the content of 1EH is 3, then control jumps to XYZ; if not, control 
jumps to ABC. Comparison of 8 bits can be performed by combining the instructions as shown below: 


3 1 
SKNE 1FH, #1 
SKE 1EH, #3 
BR ABC 
BR XYZ 
The same operation can be performed by using the compare flag and zero flag, as shown below. 
SET2 CMP, Z ; CMP flag <1, Z flag <1 
SUB 1FH, #1 
SUBC 1EH, #3 
SKT1 Z 
BR ABC 
BR XYZ 
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3.15 AND m, #i AND between data memory and immediate data 


(1) Instruction code 
| ro fom fom fo 


(2) Function 
M «+ (M) AND i 
The content of data memory addressed by M and the immediate data are ANDed, and the result is stored into 
the data memory addressed by M. 


(3) Example 1 
Bit 3 (MSB) of address 0.03H is reset. 
0.03H + (0.03H) and 0111B 


Address 0.03H 
PTT T=] om 

AND 03H, #0111B 
Example 2 
All the bits of address 0.03H are reset. 

AND 03H, #0000B 
or 

MOV 03H, #00H 
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3.16 ANDr,m AND between general register and data memory 


(1) Instruction code 


(2) Function 
R «(R) AND (M) 
The content of general-purpose register indicated by R and the content of data memory addressed by’ M are 
ANDed, and the result is stored into the general-purpose register indicated by R. 


(3) Example 1 
The content (1010B) of address 0.03H and the content (0110B) of address 0.2FH are ANDed, and the result 
(00108) is stored into address 0.03H. 
0.03H + (0.03H) and (0.2FH) 


Pa fo fa | o | Address 03H 
and 

po ft | fo Address 2FH 
{ 

Peele Te] mon 


MOV 03H, #1010B 
MOV 2FH, #0110B 
AND 03H, 2FH 
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3.17 OR m, #i 


(1) Instruction code 


(2) Function 


(3) 


M + (M) OR i 


OR between data memory and immediate data 


The content of data memory addressed by M and the immediate data i are ORed, and the result is stored into 


the data memory addressed by M. 

Example 1 

Bit 3 (MSB) of address 0.03H is set. 
0.03H < (0.03H) or 1000B 


Address 0.03H 


OR 03H, #1000B 


x: Don't care 


Example 2 

All the bits of address 0.03H are set. 
OR 03H, #1111B 
or 


MOV 03H, #0FH 
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3.18 ORr,m OR between general register and data memory 


(1) Instruction code 


(2) Function 
R <= (R) OR (M) 
The content of general-purpose register indicated by R and the content of data memory addressed by M are 
ORed, and the result is stored into the general-purpose register indicated by R. 


(3) Example 1 
The content (1010B) of address 0.03H and the content (0111B) of address 0.2FH are ORed, and the result 
(1111B) is stored into address 0.03H. 
0.03H < (0.03H) or (0.2FH) 


Address 03H 


MOV 03H, #1010B 
MOV 2FH, #0111B 
OR OSH, 2FH 
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3.19 XOR™M, #i Exclusive OR between data memory and immediate data 


(1) Instruction code 


proof om 


f 
= 


(2) Function 
M<«(M) XOR I 
The content of data memory addressed by M and the immediate data i are XORed, and the result is stored into 
the data memory addressed by M. 


(3) Example 
The bit 1 and bit 3 of address 0.03H are inverted, and the result is stored into address 03H. 


ee Inverted bits 


XOR 03H, #1010B 


3-40 


NV. E Cc uPD17K-FAMILY 


3.20 XORr,m Exclusive OR between general register and data memory 


(1) Instruction code 


(2) Function 
R <(R) XOR (M) 
The content of general-purpose register indicated by R and the content of data memory addressed by M are 
XORed, and the result is stored into the general-purpose register indicated by R. 


(3) Example 1 
The content of address 0.03H and the content of address 0.OFH are compared, and the different bits are set and 
stored into address 0.03H. If all bits of 0.03H are reset (that is, the address O0.03H and address 0.0FH have the 
same content), then control jumps to LBL1; otherwise, jumps to LBL2. 
This operation occurs when the status of an alternate switch (content of address 0.03H) and internal status 
(content of address 0.OFH) are compared and branch is made to the processing of changed switch. 


Address 03H 


zy Address OFH 


Address 03H 


Lp Changed bits 


XOR 03H, OFH 
SKNE 03H, #00H 


BR LBL1 
BR LBL2 
Example 2 


The content of address 0.03H is cleared. 


Cote Te Te] enon 
x or 

Cee Te Te] nen 
: 

CeTe fe To] smn 


XOR 03H, 03H 
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3.21 LDr,m Load data memory to general register 


uPD17K-FAMILY 


(1) Instruction code 


(2) Function 
R <= (M) 
The content of data memory addressed by M is stored into the general-purpose register indicated by R. 


(3) Example 1 
The content of address 0.2FH is stored into address 0.03H. 
0.03H + (0.2FH) 
LD 03H, 2FH 


BANK 0 


0123 45 67 89 ABC ODE F 


oft tT eT ET TT TT TT | General purnose 
Te Tite Tee eee eee ee) 
2 SSSA 
ERE RRR 
at tT TTT TTT TT Tt tt tT 
BER RREAR REE 
er T | TTP ete te yt tty 
PT ET Systerm register 


System register 


Example 2 
When row address 2 of bank 1 (1.20H to 1.2FH) is specified as general-purpose register (RPH = 1, RPL = 4), the 
content of address 0.2FH is stored into address 1.23H. 


1.23H « (0.2FH) 

MOV RPH, #01H =; _ Bank 1 is selected for general-purpose register. 

MOV RPL, #04H =; Rowaddress 2 is selected for general-purpose register 
LD O3H, 2FH 
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«—General-purpose 
register 


nee register 


Example 3 
The content of address 0.6FH is stored into address 0.03H. If IXE=1, IXH=0, IXM=4, and IXL = 0, that is, 
if 1X = 0.40H, then the data memory 0.6FH can be specified by setting the data memory address at 2FH. 
IXH «OOH 
IXM < 04H 
iXL «00H 
IXE flag <1 
0.03H < (0.6FH) 
Address obtained by computing OR of the content (0.40H) of 
index register and the content (O.2FH) of data memory. 
MOV IXH, #00H ; 1X <00001000000B (0.40H) 
MOV IXM, #04H 
MOV IXL, #00H 
SET1 IXE ; IXE flag <1 
LD O3h, Z2FH 


3-43 


uPD17K-FAMILY 


BANK 0 


0123 45 678 9 ABCD CE F 


of | | be TT TT TT tT [| Sener curnose 
ttt ree PTT ey ey pp; 
att tT tt TE PT PT EE TT 

st | TUTE TT TT TET TT 
at TT tte TE PT ETT TT 
Ss] | | iN TTT tT TET TT Tt TT 
SRS Riese eneroses 


7 gage System register 


Example 4 
The content of address 2.3FH is stored into address 0.03H. If IXE=1, |XH=1, IXM=1,and IXL= 0, that is, 
if |X = 2.10H, then the data memory 2.3FH can be specified by setting the data memory address at 2FH. 
0.03H + (2.3FH) 
Address obtained by computing OR of the content (2.10H) of 
index register and the content (0.2FH) of data memory 
MOV IXH, #01H ; 1X <00100010000B (2.10H) 
MOV IXM, #01H 
MOV IXL, #00H 
SET? IXE > IXE flag<1 
LD 03H, 2FH 


BANK 0 


012345 6 78 9 ABCD E F 


ee ERR ein 
SR SURES See eee 
zt tT TT TE eT TT TT 


System register 
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(4) Note 
The 1st operand of the ‘LD r, m’ instruction is the column address of the general-purpose register. If described 
as shown below, the column address of the general-purpose register is set at O3H. This will cause no error in 


assembling. 
LD. “13H, 2FH 
Column address of general-purpose register is meant, and the lower four bits 
are significant. If row address 0 of bank O is specified as general-purpose 
register, the address O3H is specified. 
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3.22 STm,r Store general register to data memory 


uPD17K-FAMILY 


(1) Instruction code 
roe | 


(2) Function 
M «(R) 
The content of general-purpose register indicated by R is stored into the data memory addressed by M. 


(3) Example 1 
The content of address 0.03H is stored into address 0.2FH. 
(0.2FH) « (0.03H) 
ST 2FH, 03H ; The content of general-purpose register is transferred to data memory. 


BANK © 


0123 4 5 6 78 9A B CODE F 


Se: Bee 
aera 


2 1 ae ae ae -_ «— General-purpose 
so T TTT TTT yyy rrp 

4] | 

s} tt iT tT tT tT ey TE TT TT 

6 x 


System register 


Example 2 
The content of address 1.13H is stored into address 0.2FH. The general-purpose register is specified at row 
address 1 of bank 1 (1.10H to 1.1FH) by using register pointer. 

(0.2FH) + (1.13H) 

MOV RPH, #01H =; General-purpose register is set in bank 1 

MOV RPL, #02H ; General-purpose register is set at row address 1. 

ST 2FH, 13H ; The content of general-purpose register is transferred to data memory. 
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BANK 0 


0123 45 678 9A B CODE F 


ot ttt tT TT ty te et tT tT 


i Rae OE RA aie 


«— General-purpose 


ia EEEEEE cone 
SEES EEE EEE 


s} T } tt tT ET TTT TT 
SRR ERR REAR 
| SYternregistor 


7 Lek ed System register 


Example 3 
The content of address 0.00H is stored into the addresses 0.18H to 0.1FH. The data memory (18H to 1FH) is 
specified by index register. 

(0.18H) « (0.00H) 

(0.19H) + (0.00H) 


(0.1 FH) « (0.00H) 
MOV IXH, #00H; 1X « O00000000008B (0.00H) 
MOV IXM, #00H 
MOV IXL, #00H; Address 0.00H is specified for data memory. 
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LOOP1: 
SET1 IXE ; IXE flag +1 
ST 18H, OOH ; (0.1XH) < (0.00H) 
CLAT IXE ; IXE flag+0O 
INC IX ; Index register + 1 
SKGE IXL, #08H 
BR LOOP1 


BANK 0 


0123 45 6§ 7 8 @ABiCDPDE F 


a a a a 
SRSA GAGA SABABRE 


a 
Cea Ser 
PT TET ey 


«—— General-purpose 
register 


Ss} ] | tT tt ete tT tT TT tT 
ERR RRR SRE 
et ET Seer | 


System register 
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3.23 MOV @r,m Move data memory to destination indirect 


(1) Instruction code 
pow | om | om | 


(2) Function 
lf MPE = 1: 
[(MP), (R)] < (M) 
If MPE = 0: 
[my, (R)] < (M) 
The content of data memory addressed by M is stored into the data memory indicated by general-purpose 
register R. If MPE =0, transfer occurs within the same row address of the same bank. 


(3 


— 


Example 1 
The content of address 0.20H is stored into address 0.2FH. The destination data memory is specified by the 
column address indicated by the general-purpose register (OOH) and the row address of data memory (20H). 
(0.2FH) « (0.20H) 
CLR1 MPE ; MPE flag <O 
MOV OOH, #0FH ; Column address is set at general-purpose register 
MOV @O0OH, 20H _ =; Store. 


123 45 6 7 8B GF ABE DE F 


ELLE LEE LL] xn rc 
A sO a a 


System register 
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Example 2 


The content of address 0.20H is stored into address 0.3FH. The destination data memory is specified by the 
column address indicated by general-purpose register (OOH) and the row address indicated by the memory 


pointer (MP). 
(0.3FH) + (0.20H) 
MOV RPH, #00H =; _ General-purpose register is set on bank 0 
MOV RPL, #00H =; General-purpose register is set at row address 0 
MOV OOH, #0FH =; Column address is set in general-purpose register 
MOV MPH, #00H ; Row address is set in memory pointer. 
MOV MPL, #03H 
SET1 MPE ; MPE fiag «1 
MOV @OOH, 20H =; Store. 


BANK 0 


0123 45 6 7 8 Y§ ABC ODE F 


ee | eee: 


register 


7 P| {tf | System register 


Example 3 

The content of address 0.10H is stored into addresses 1.10H to 1.1FH. 
(1.10H) + (0.10H) 
(1.11H) « (0.10H) 


(1.1FH) + (0.10H) 
MOV RPH, #00H =; _ General-purpose register is set on bank 0. 


MOV RPL, #00H =; _ General-purpose register is set at row address 0. 

MOV OOH, #00H ; Column address is set in general-purpose register. 
MOV MPH, #00H ; Bank 1 and row address 1 are set for memory pointer. 
MOV MPL, #09H 

SET1 MPE ; MPE flag<1 

LOOP 1: 

MOV @00H,10H ; _ [(MP), (OOH)] « (10H) 

ADD OOH, #01H : Column address + 1 

SKT1 CY ; Operation completed for address 1FH of bank 1? 

BR LOOP 
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BANK 0 


0123 4 5 67 8 9A BC DE F 


- See anes — 
register 


System register 


ef | | Tt tT 
eee 


GPY°#PV@SY¥YVS YY SSS 
2 ARR ARAR AEA EARARARARARARARARAES 
Dee ere eee aero er ee eee een 
at ttt et tt tT TT TT Tt 
sy tT tT ET TT TTT TET 
att ttt tT ET ET tT TT 
1 | tT te tt tt tT TT TT 

| System register 


System register 
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3.24 MOV m, @r Move data memory to destination indirect 


(1) Instruction code 
Povo fom fom | | 


(2) Function 
If MPE = 1: (M) < [(MP), (R)] 
If MPE =O: (M) <= [my, (R)] 
The content of data memory indicated by the general-purpose register R is stored into the data memory ad- 
dressed by M. When MPE = 0, this movement occurs within the same row address on the same bank. 


(3) Example 1 
The content of address 0.2FH is stored into address 0.20H. The destination data memory is specified by the 
column address indicated by the general-purpose register (OOH) and the row address of the data memory (20H). 
(0.20H) + (0.2FH) 
CLR1 MPE ; MPE flag <0 
MOV OOH, #0FH =; Column address is set at general-purpose register 
MOV 20H, @OOH =; Store 


BANK 0 


Example 2 
The content of address 0.3FH is stored into address 0.20H. The destination data memory is specified by the 
column address indicated by general-purpose register (OOH) and the row address indicated by memory pointer 
(MP). 

(0.20H) « (0.3FH) 

MOV OOH, #0FH =; Column address is set at general-purpose register 

MOV MPH, #00H ; Rowaddress is set at memory pointer. 

MOV MPL, #03H_ ; 

SET1 MPE ; MPE flag +1 

MOV 20H, @00H =; Store 
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TT] enero 


register 


s; tT tT tT TT TP TT 
| aR 
TL | LT | system register | 


System register 


Example 3 
The contents of addresses 0.20H to 0.2FH are stored into addresses 1.10H to 1.1FH. The storing data memory 
is specified by the column address indicated by the general-purpose register (OOH) and memory pointer (MP) or 
row address of data memory (20H). 

(1.10H) « (0.20H) 

(1.11H) + (0.27H) 

(1.12H) + (0.22H) 


(1. 1FH) < (0.2FH) 
CLR1 MPE ; MPE flag<O 
MOV OOH, #00H =; Column address is set in the general-purpose register. 
MOV MPH, #00H ; Memory pointer is set. 
MOV MPL, #09H ; Bank 1,rowaddress 1 


LOOP1: 
MOV 20H, @0OH ; (20H) < [2, (OOH)] 
SET1 MPE ; MPE flag <1 
MOV @00H, 20H =; [(MP), (OOH)] + (20H) 
CLR1 MPE ; MPE flag<0O 
ADD OOH, #01H_ ; Column address +1 
SKT1 CY ; Upto 1FH of bank 1 terminated 
BR LOOP1 
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BANK 0 


0123456789 ABC DEF 


System register 


3-54 


NV. E Cc uPD17K-FAMILY 


3.25 MOV nm, #i Move immediate data to data memory 


(1) Instruction code 


(2) Function 
(M) <i 
The immediate data i is stored in the data memory addressed by M. 


(3) Example 1 
The immediate data OAH is stored to address 0.50H used as data memory. 
0.50H « OAH 
MOV 50H, #0AH 


Example 2 
If IXH = 0, IXM = 3, IXL = 2 and [XE flag = 1 when address 0.00H is specified as data memory, then the 
immediate data 07H is stored into address 0.32H. 

0.32H « 07H 

MOV IXH, #00H ; !X «00000110010B (0.32H) 

MOV IXM, #03H 

MOV IXL, #02H 

SET? !IXE ; IXE flag <1 

MOV OOH, #07H 
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3.26 MOVT DBF, @AR Move program memory data specified by AR to DBF 


(1) Instruction code 


(2) Function 


SP «SP —1, 

STACK < PC, 

DBF + (AR) rom, 

PC « STACK, 

SP+SP+1 

The content of program memory addressed by address register AR is stored into data buffer DBF. 

Attention should be paid to the nesting such as subroutine and interruption, because this instruction temporari- 
ly uses one level of stack. 


Example 1 
The 16-bit table data is transferred to the data buffers (DBF3, DBF2, DBF1, DBFO) according to the values of 
address registers (AR3, AR2, AR1, ARO) in the system register. 


-* 
’ 


:** Table data 
Address ORG 0010H 
0010H DW OOO0000000000000B ; (O000H) 
0011H DW 1010101111001101B; (OABCDH) 


.* 
’ 


;** Table reference program 


-* 
’ 


MOV AR3, #00H ; AR3<O0OH 0011H is set in address register. 
MOV AR2, #00H ; AR2<O0OH 
MOV AR1, #01H ; AR1<«<0O1H 
MOV ARO, #01H ; ARO<0O1H 
MOVT DBF, @AR ; Data of address 0011H is transferred to DBF. 
In this case, the data stored in DBF is shown below. 
DBF3 = OAH 
DBF2 =OBH 
DBF1 = OCH 
DBFO = ODH 
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Example 2 


The channel number is set at addresses 0.10H and 0.11H as data memory, and the divided value (N value) of 
PLL is obtained according to the content of the memory. The N value is then transferred to the PLL register. 


Address 
0010H 
0011H 
0012H 
0013H 
0014H 
0015H 
0016H 
0017H 


.*# 
’ 


uPD17K-FAMILY 


:** Table data for N value 


-# 


’ 


ORG 0010H 


DW OF58H_ ; 87.5 MHz (Lowest frequency 00 channel) 
DW OF5CH ; 87.6 MHz 
DW OF60H ; 87.7 MHz 
DW OF64H_ ; 87.8MHz 
DW OF68H ; 87.9 MHz 
DW OF6CH ; 88.0 MHz 
DW OF70H ; 88.1 MHz 
DW OF74H ; 88.2 MHz 


~* 
’ 


;** N value setting program 


~% 
’ 


MOV RPH, #00H 
MOV RPL, #0EH 
MOV AR3, #00H 
MOV AR2, #00H 
LD AR1, 10H 

LD ARO, 11H 
ADD AR1, #01H 
ADDC AR2, #00H 
ADDC AR3, #00H 
MOVT DBF, @AR 
PUT PLLR, DBF 


’ 
‘ 


‘ 


RPH « OOH Row address 7 (0.70H 
RPL «+ OEH to 0.7FH) is set as 
AR3 <0 _ general-purpose 
AR2<0O register. 

AR1 < 10H Channel data upper 
ARO < 11H Channel data lower 
0010H is added to the address 
register since table data start 
address starts at address O010H. 
Table data is stored to DBF. 

N value is transferred to PLL register (PLLR). 
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; ** Table data 


0010H chiles aveu 
0011H DW 
0012H DW 
0013H DW 
0014H DW 


012 3 4 5 6 7 8 9 A B C D €E F 
oo TT tt tt TT poprisie: 
a ARR 
Po AA HH ae 
a} | TTT UINNE TE TTT EEE TT 
at | TE TE ERAT UT EE 
sf | Tt tT | AN VT EE TT 
KERR ES eee eee 
Bees VE ttt ff 


System register 


(4) Notes 
1. The number of bits allowed for use with address registers (AR3, AR2, AR1, ARO) vary with the device 
types. When using, reference should be made to the appropriate manual of the device to be used. 
2. When executing ‘MOVT’ instruction, one level of stack is used. Accordingly, sufficient care should be 
exercised to the stack level when using this instruction within a subroutine or interrupt processing routine. 
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3.27 PUSH AR 


(1) Instruction code 


ae 


(2) Function 


SP+SP—1, 
STACK « AR 


uPD17K-FAMILY 


Push address register 


The value of address register AR is stored into STACK after decrement of the stack pointer SP. 


(3) Example 1 


The address register is set at OO3FH and stored into the stack. 
MOV AR3, #00H 
MOV AR2, #00H 
MOV AR1, #03H 
MOV ARO, #0FH 
PUSH AR 


0123 45 6 789A BC OD ECE F 


eee Sse 
7| | | | fofokstep 


System register 


Example 2 


When the data table is placed behind a subroutine, the return address of the subroutine is set in the address 


register for returning. 
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Address 


0010H CALL SUB1 i ee 


**#* DATA TABLE 


0011H DW 1A1FH 
0012H DW 002FH 
0013H DW 010AH 
0014H DW 0555H 


- 


AR3, #00H 
002FH DW OFFFH AR2, #00H 


0030H AR1, #03H 
ARO, #00H 
AR 


Fe ae owe Se aie ee ee ee nme oe a a ee oe 


If a ‘POP’ instruction is executed at this point, 
the address register content is ‘0011H’ (the 
address next to the CALL instruction). 
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3.28 POP AR Pop address register 


(1) 


(2) 


(3) 


Instruction code 


Function 

AR<«< STACK, | 
SP< SP +1 | 
The content of STACK is taken out to the address register, then the stack pointer SP is incremented. 


Example 

When performing an interrupt processing, PSW may be changed within the interrupt processing routine. In such 
a case, the content of PSW is transferred to the address register via WR at the beginning of the interrupt process- 
ing, and then it is saved into the STACK by a ‘PUSH’ instruction. Before returning of the routine, the saved 
content is put into the address register by a ‘POP’ instruction, and then it is transferred to PSW via WR. 


Interrupt processing routine 
El 


Cause of 
interrupt 


POP "AR 
PEEK WR, ARO 
POKE PSW,WR 
RET (or RET) 
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3.29 PEEK WR, rf 


(1) Instruction code 


oe a 


(2) Function 
WR < (rf) 


The content of the register file addressed by rf is stored into the window register WR. 


(3) Example 1 


NEC 


Peek register file to window register 


The content of the stack pointer SP of address 01H in the register file is stored into the window register. 
PEEK WR, SP 


BANK 0 


0123 4 5 6 7 8 9 A B C D E F 


of te Tet TT tT eT tT yt 
ot ey 
21 tf tt Pe TTT TT TT Tt 
pel Te 
J EREERRRR ERR 
/ RRR RSERAREARERES 
ef tt tT tT TT TT eT TT 


mT TTT tT wet TEE TT | system recite 


04172 345 67893 ABCOE F 


= SRR 
SERRE 
att tT tT tT TT ET ET TT 
aL ET TTT TTT ET ET tt Ty 


Register file 


3-62 


NV. KE Cc uPD17K-FAMILY 


3.30 POKE rf, WR Poke window register to register file 


(1) Instruction code 
pct | te | oom | om 


(2) Function 
(rf) WR 
The content of window register WR is stored into the register file addressed by rf. 


(3) Example 1 
The immediate data OFH is stored into the register file POABIO via the window register. 
MOV WR, #0FH 
POKE POABIO, WR; Each of POAg, POA;, POAg and POA3 is set in the output mode. 


BANK 0 


0123465 67 89ABC DE F 


o| pore eo coon 


System register 


0123 485 6 789A BC DE F 


el eee 
PT UN TTT et tT 


Register file POABIO 
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(4) Note 
The ‘PEEK, POKE’ instruction permits accessing of addresses 40H to 7FH in each bank of the data memory in 
addition to the register file. For example, this instruction can be used in the following way. 


PEEK WR, PSW ; The content of PSW (7FH) in system register is stored into WR. 
POKE 5FH, WR ; The content of WR is stored into address 5FH of data memory. 
BANK O 


0123 45 6 789A BCD CE F 


Register file 


Pt tt | TT ff Poke sro. wr | | 
s| | | | | tt | |] RE 
’; ie Tian es 
ss | [| | | | | TAT | dE tf 
7 | | | | | lt eT PT Ty 


Data memory 


PSW 


PEEK WR, PSW 
System register 
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3.31 GET DBF, p Get peripheral data to data buffer 


(1) Instruction code 


(2) Function 
DBF + (p) 
The content of peripheral circuit addressed by p is stored into the data buffer DBF. 


(3) Example 1 
The content (8 bits) of the peripheral shift register (SIO) is stored into data buffers DBFO and DBF1. 
GET DBF, SIO 


BANK 0 


O 123 45 6 ff 8B GA B C DE F 


A pedestal 
a1 | i tt 


System register 


{4) Notes 
1. The data buffer is allocated to OCH, ODH, OEH, and OFH in bank O of the data memory, irrespective of the 
value of the bank register. 


BANK 0 


0123 45 678 9 AB CODE F 


JERR REE ARRRRE 
apt tT Te TT 
sy ttt TTT TT ET TT 
ERR RRRAR EER ARSE 
RSS REE ESSERE 


System register 
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2. The data buffer has a total of 16 bits. The number of bits to be used as the unit of input/output varies with 
the peripheral circuit accessed by ‘GET’ instruction. For example, if a ‘GET’ instruction is executed for a 
peripheral circuit whose input/output is done in units of 8 bits, data is stored to the lower 8 bits (DBF1, 
DBFO) of the data buffer DBF. Pay attention to the number of bits required as the unit of input/output 
because it varies with the peripheral circuits of each device. 
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3.32 PUT p, DBF Put data buffer to peripheral 


(1) Instruction code 


(2) Function 


(3 


— 


(p) < DBF 
The content of data buffer DBF is stored into the peripheral circuit addressed by p. 


Example 1 
OAH and O5H are set into data buffers DBF1 and DBFO, respectively, and are then transferred to the shift 
register (SIO) of peripheral circuit. 

MOV BANK, #00H ; Data memory bank 0 

MOV DBFO, #05H 

MOV DBF1, #0AH 

PUT SIO 

DBF 


BANK 0 


oO 1.2 32 4 65 6 ¢7 8 8 A SB C&C ODO Ff F 


Se es 


RSE RRR 


DBF 


Peripheral circuit 


a 
oem errr tat 


jaaee Pi tee tt et 
7| | System register 


Example 2 
The data 0758H is set as PLL data in data buffers DBFO-DBF3, and then it is transferred to PLL register (PLL) 
of the peripheral circuit. 

MOV DBF3, #00H 

MOV DBF2, #07H 

MOV DBF1, #05H 

MOV DBFO, #08H 

PUT PLL, DBF 


slo OAS5H 
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BANK 0 


0123 45 67 8 9A BC ODE F 


oT TTT TTT LT [eget ovr 
(CEE 
TT aanem 


System register 
Peripheral circuit 


PLL 0758H 


(4) Note 
The data buffer size is 16 bits. The number of bits required as the unit of input/output varies with the periph- 
eral circuit accessed by ‘PUT’ instruction. For example, the shift register SIO requires 8-bit input/output. When 
a ‘PUT’ instruction is executed, the contents of lower 8 bits (DBF 1, DBFO) of data buffer DBF are transferred 
to the peripheral circuit. (The contents of DBF3 and DBF2 are not transferred.) 
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3.33 SKT m, #n Skip next instruction if data memory bits are true 


(1) Instruction code 
po fom | om foe | 


(2) Function 
If the ANDed result of the content of data memory addressed by M and immediate data n is not O, then the 
next one instruction is skipped. 


(3) Example 1 
If bit O of address 03H is ‘1’, control jumps to AAA; if ‘0’, it jumps to BBB. 
SKT 03H, #0001B 


BR BBB 
BR AAA 
Example 2 


If bit O and bit 1 of address O3H are both ‘1’, the next instruction is skipped. 
SKT 03H, #0011B 


Skip condition O3H Pe} a ta | a: x: don’t care 


Example 3 

The following two instructions provide the same execution result. 
@ SKT 13H, #1111B 
@ SKE 13H, #0FH 
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3.34 SKF m, #n Skip next instruction if data memory bits are false 


(1) Instruction code 


(2) Function 


When the result of AND of the content of data memory addressed by M and the immediate data n is 0, the next 
one instruction is skipped. 


Example 1 
If bit 2 of address 13H is ‘0’, OOH of the immediate data is stored into address OFH in the data memory; if ‘1’, 
control jumps to ABC. 

SKF 13H, #0100B 

BR ABC 

MOV OFH, #00H 


Example 2 
If bit 3 and bit O of address 29H are both ‘0’, the next instruction is skipped. 
SKF 29H, #1001B 


B3 B2 By Bo 
Skip condition 29H po fx | x | o | x: don’t care 


Example 3 

The following two instructions provide the same execution result. 
@ SKF 34H, #1111B 
@ SKE 34H, #00H 
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3.35 BR addr Branch to the address 


(1) Instruction code 


(2) Function 
PC < addr 
Contro! branches to the address indicated by addr. 
The range of address to which direct branch by this instruction is allowed is 8K steps from address OOOOH to 
address 1FFFH. When branching is required to address 2000H or after, use the following ‘BR @AR’ instruc- 


tion. 


(3) Example 
FLY LAB OFH ; FLY =OFH is defined. 


BR FLY ; Jumps to address OF. 

aR LOOP1; Jumps to LOOP1. 

BR $+2 ; Jumps to the address which is lower by 2 than the current address. 
aR $—3 ; Jumps to the address which is higher by 3 than the current address. 


LOOP1: 


(4) Note 

The BR instruction can be described in assembler without mentioning the page. The same description can be 
used between ROM addresses OOOOH and 1FFFH. However, the BR instruction into page O (addresses OOOOH 
to O7FFH), BR instruction into page 1 (addresses O7 FFH to OFFFH), BR instruction into page 2 (addresses 
1000H to 17FFH), and BR instruction into page 3 (addresses 17FFH to 1FFFH) have respectively different 
operation codes. 

The operation code in page 0 is ‘OC’, in page 1, ‘OD’, in page 2, ‘OE’, and in page 3, ‘OF’. If the 4PD17000 series 
assembler is used, these operation codes are automatically converted by the assembler by referencing the respec- 
tive jump destinations. 
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When operation code is ‘OC’ When operation code is ‘OD’ 
(The jumping destination (The jumping destination 
address is in page O) address is in page 1) 
OOOOH OOOOH 
Page O : Page O 
O7FFH O7FFH 
O800H O800H 
Page 1 Page 1 
OFFFH OFFFH 
1000H 1000H 
Page 2 Page 2 
17FFH 17FFH 
1800H 1800H 
Page 3 Page 3 
1FFFH 1FFFH 
When operation code is ‘OE’ When operation code is ‘OF’ 
(The jumping destination (The jumping destination 
address is in page 2) address is in page 3) 
OOOOH OOOOH 
Page O Page O 
O7FFH O7FFH 
O800H O800H 
Page 1 Page | 
OFFFH OFFFH 
1000H 1000H 
Page 2 Page 2 
17FFH 17FFH 
1800H 1800H 
Page 3 Page 3 
1FFFH 1FFFH 
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When batch correction is required in debugging, the programmer is required to convert each of the operation 
codes ‘OC’, ‘OD’, ‘OE’, and ‘OF’ by himself. 

Address must also be converted if the jump destination of BR instruction is in any of address OOOOH to O7FFH, 
address O800H to OFFFH, address 1000H to 17FFH, and address 1800H to 1FFFH. In other words, each of 
address OOOOH, address O800H, address 1000H and address 1800H can be assumed as address OOOH, which is 
incremented by 1, respectively. 


Machine code 


0000H (1-4-3-4-4- format) 
0C500 
0D501 
0500H 
O7FFH 
0800H 
OEGOA 
ODO1H 
OFFFH rr 
1000H 
0c500 
160AH 
17FFH 
1800H 
OE60A 
1EFFH 
1FFFH 


Note: The number of pages varies from device to device of the wPD17000 series. Please refer to the manual of the device 
to be used. 
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3.36 BR @AR Branch to the address specified by address register 


(1) Instruction code 


00111 000 c100 


(2) Function 
PC <AR 
Control branches to the address indicated by the address register (AR). 


(3) Example 1 
OOSFH is set in the address register AR (ARO-AR3), and execution jumps to address OO3FH by the ‘BR @AR’ 
instruction. 


MOV AR3, #00H ; AR3<O0H 
MOV AR2, #00H ; AR2<O0H 
MOV AR1, #03H ; AR1<03H 
MOV ARO, #0FH ; ARO<OFH 


BR @AR ; Jump to address OO3FH 
Example 2 
The branching destination is changed as shown below depending on the content of address 0.10H of the data 
memory. 
Content of 0.10H Labei of destination 
OOH > AAA 
O1H > BBB 
02H - ccc 
03H > DDD 
04H = EEE 
O5H > Pre 
O6H - GGG 
07H > HHH 
O8H-OFH a ZZZ 
;** Jump table 
Address * 
0010H BR AAA 
0011H BR BBB 
0012H BR CCC 
0013H BR DDD 
0014H BR EEE 
0015H BR PEF 
0016H BR GGG 
0017H BR HHH 
0018H BR LEZ 
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MOV 
MOV 
MOV 
MOV 
MOV 
ST 
SKF 
AND 
BR 


(4) Note 


RPH, #00H 
RPL, #02H 
AR3, #00H 
AR2, #00H 
AR1, #01H 
ARO, 10H 


‘ 


‘ 


7 


ARO, #1000B; 
ARO, #1000B; 


@AR 


‘ 


General-purpose register bank O 
General-purpose register row address 1 
AR3 < OOH AR is set to 001 x H. 

AR2 « OOH 

AR1 «01H 

ARO « 0.10H 

If the content of ARO is greater than 
O8H, the content of ARO is changed to 
O8H. 


The number of bits of address registers (AR3, AR2, AR1, ARO) allowed for use varies with the device types. 
When using the address register, reference should be made to the manual of the appropriate device. 
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3.37 RORCr Rotate right general register with carry flag 


(1) Instruction code 


(2) Function 
Cd 
igi = 1-16 


The content of the general-purpose register indicated by R is shifted to the right by one bit, with carry flag 
included. 


(3) Example 1 
When row address 0 (0.00H to 0.0FH) of bank O is specified as general-purpose register (RPH =0, RPL = 0), the 
value of address 0.00H (10008B) is shifted to the right by one bit, and the value becomes 0100B. 
0.00H « (0.00H) +2 
MOV RPH, #00H ; General-purpose register bank O 
MOV RPL, #00H ; General-purpose register row address 0 
CLA. CY ; Carry flag <0 
RORC OOH 


Example 2 

When row address 0 (0.00H to 0.0FH) of bank 0 is specified as general-purpose register (RPH =0, RPL = 0), the 
value OFA52H of data buffer (DBF) is shifted to the right by one bit, and the content of DBF is changed to 
7D29H. 


cy OCH ODH OEH OFH CY 
[o] Pod L1fo}1 jo fo} soa (of of 1 [o| 


\ 


CER ERED ttt fojr jo} oj fol i fojojr [o] 


MOV RPH, #00H ; General-purpose register bank O 

MOV RPL, #00H ; _ General-purpose register row address 0 
CURT CY ; Carry flag <O 

RORC OCH 

RORC ODH 

RORC OEH 

RORC OFH 
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3.38 CALL addr Call subroutine 


(1) Instruction code 


(2) Function 
SP=SP—1, 
STACK © PC +1, 
PCo.19 « addr, 
PC11-15 <0 
The value of the program counter (PC) is incremented, and then it is stored into the stack. After this, execution 
branches to the subroutine indicated by addr. 
This instruction can be used to call subroutines contained within 2K steps from address OOOOH to address 
O7FFH. It is therefore advisable to allocate frequently using subroutines in the range from address OOOOH to 
O7F FH. 
To call a subroutine allocated after address O800H, use the ‘CALL @AR’ instruction to be mentioned in the 
next section. 


(3) Example 1 


MAIN 


Example 2 


MAIN 


CALL | -SUBI 


[ CALL SUB2 CALL SUB3 
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(4) Note 
When using a ‘CALL’ instruction, the calling address, or the initial address of the subroutine to be called must 


be placed within page 0 (OOOOH to O7FFH). When calling a subroutine whose initial address is not positioned 
in page O, use ‘CALL @AR’ instruction. 


When initial address of subroutine is put in page O 


0O000H OO00H 
CALL SUB2 
Page 0 Page 0 
O7FFH O7FFH 
O800H 0800H 
Page 1 Page 1 
CALL SUB2 
OFFFH OFFFH 
1000H 1000H 


If the initial address of the subroutine is placed within page 0, the end address of the subroutine (‘RET’ or 


‘RETSK’ instruction) may be placed outside of page 0. 
The ‘CALL’ instruction can be used without considering page as far as the initial address of the subroutine to 


be called is placed within page 0. However, the following technique is useful when it is impracticable to place 


the initial address of a subroutine within page O. 
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0O000H 


CALL SUB2 


Page O 


SUB2: BR 


O7FFH 
0800H 


CALL SUB2 


OFFFH 
1000H 


In this method, ‘BR’ instruction is set within page 0, and the actual subroutine is called by using this ‘BR’ 
instruction. 
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3.39 CALL @AR Call subroutine specified by address register 


(1) Instruction code 


(2) Function 
SP <+SP=1, 
STACK = PC + 1, 
PC «AR 
The value of program counter (PC) is incremented, and stored into the stack, then execution branches to the 
subroutine indicated by address register (AR). 


(3) Example 1 
Value O020H is set in the address register AR (ARO-AR3), and the subroutine of address O020H is called by the 
‘CALL @AR’ instruction. 
MOV AR3, #00H ; AR3+O0H 
MOV AR2, #00H ; AR2<0O0H 
MOV AR1, #02H ; AR1<02H 
MOV ARO, #00H ; ARO<OOH 
CALL @AR ; Subroutine at address 0020H is called. 


Example 2 
The following subroutines are called depending on the contents of address 0.10H of the data memory. 
Content of 0.10H Subroutine name 


OOH > SUB1 
01H ~~ SUB2 
02H > SUB3 
03H > SUB4 
04H - SUB5 
O5H > SUB6 
O6H ad SUB7 
07H - SUB8 
08H-OFH > SUB9 
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Address 
0010H 
0011H 
0012H 
0013H 
0014H 
0015H 
0016H 
0017H 


(4) Note 


uPD17K-FAMILY 


: x 4 Jump table for subroutine 


MOV RPH, 
MOV RPH, 
MOV AR3, 
MOV ARz2, 
MOV ARI}, 
ST ARO, 
SKF ARO, 
AND ARO, 
CALL @AR 


SUB9 


SUB1 
SUB2 
SUB3 
SUB4 
SUB5 
SUB6 
SUB7 
SUB8 


#00H ; General-purpose register bank 0 

#02H ; General-purpose register row address 1 

#00H ; AR3<OOH Address register to 

#00H ; AR2<O0H 001 xH 

#01H ; AR1+<0O1H 

10H ; ARO<+0.10H 

#1000B ; _ If the content of ARO is greater than O8H, the content 


#1000B ; of ARO is changed to 08H. 


re 


To jump table 


Execution of ‘RET’ instruction in each subroutine 


will cause the control to return to this position. 


The number of bits of address registers (AR3, AR2, AR1, ARO) allowed for use varies with the device types. 
When using the address register, reference should be made to the manual of the appropriate device. 
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3.40 RET Return to the main program from subroutine 


(1) Instruction code 


22 1 | Te 


(2) Function 
PC « STACK, 
SP <SP+A 
This instruction is used to return to the main program from a subroutine. 
The return address saved into the stack by CALL instruction is restored to the program counter. 


(3) Example 


SUB}: 
cA. soe) —— 
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3.41 RETSK Return to the main program then skip next instruction 


(1) Instruction code 


(2) Function 
PC « STACK, 
SP <= Sr + 1, 
Od Oa 
This instruction is used to return to the main program from a subroutine. The instruction following the ‘CALL’ 
instruction is skipped. That is, the return address saved to the stack by ‘CALL’ instruction is restored in the 
program counter (PC), then the program counter is incremented. 


(3) Example 
If the content of LSB (least significant bit) of address 25H of the data memory (RAM) is ‘0’, the ‘RET’ instruc- 
tion. is executed, then control returns to the instruction next to the ‘CALL’ instruction. If the content is ‘1’, 
‘RETSK'’ instruction is executed, and control returns to the instruction (in this example, ADD 03H, 16H) that 
follows the ‘CALL’ instruction. 


SUB1: 


CALL SUB1 ; 
BR LOOP SKF 25H, #0001 8B 


ADD 03H, 4 RETSK ; LSB of 25H is ‘1’ 
: RET ; LSB of 25H is ‘0’ 
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3.42 RETI Return to the main program from interrupt service routine 


(1) Instruction code 


28] 2 | 


(2) Function 
PC +STACK, 
SP eos 1 
This instruction is used to return to the main program from an interrupt processing program. The return address 
which was saved into the stack by vector interrupt is restored in the program counter. 


In some devices, a part of the system register is also returned to the status that existed before occurrence of 
vector interrupt. 


(3) Example 


A vector interrupt occurred when the data memory is placed in bank 1. Saving of data memory bank is needed 
since the data memory bank O is required for interrupt processing. 


Interrupt processing 


routine 
El 
\ 
\ 
\ 
. | 
| 
BANK 1 ! 
| 
! 
i} 
1 
| 
| 
| 
| 
| 
| 
i} 
Cause of interrupt 
a \ 
occurred 
1 
When return is made, | 
the bank is set in the 
status that existed before # 
the interrupt processing 
is made. 
In this example, bank 1 
is restored. 
Note that when the program 
execution is changed to the 


BANK 0 interrupt service routine, 
: bank resetting may occur in 
some devices. 
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(4) Notes 
1. The content of system register saved automatically by interrupt (this content can be restored by ‘RETI’ 


instruction) varies from device to device. Reference should be made to the manual of the device to be used. 


2. If ‘RETI’ instruction is used in place of the ‘RET’ instruction in an ordinary subroutine, the bank and 
other data (saved by the interrupt) are restored when program execution returns to the return address. This 
may result in undefined status after returning. To avoid this, be sure to use the ‘RET’ (or ‘RETSK’) instruc- 


tion when returning from a subroutine. 
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3.43 El Enable interrupt 


(1) Instruction code 


ot | ae | | ee 


(2) Function 
This instruction enables vector interrupt. 
Vector interrupt is enabled after executing the instruction that follows the ‘El’ instruction. 


(3) Example 1 
As shown in the following example, the interrupt request is actually accepted and program execution changes 
to the vector address after completing execution of the instruction (except program counter operating instruc- 
tion) that follows this El instruction.* 


. ae 
El . 
Interrupt service routine 
F (vector address) 
; ; : 
Interrupt request ° | 
i MOV OAH, #00H ; 

is issued. ; 

ADD OBH, #01H : 

ADD OCH, #01H , EI 

: / RET 
‘ 7, 
, eo 
/ yo 
7 ; Fe 

DI i Fi 

Interrupt request : J 4 
== ; r] ff 

is issued. . ! J 

El s Pid 

MOV OAH, #01H , Pa 

ee @---- 
SUB OBH, #01H 


*: The vector address varies with the interrupt accepted. For details, refer to the manual of the device to be used. 

**: Assume that the interrupt to be accepted here (Interrupt request is issued after execution of El instruction and the flow 
of program execution changes to the interrupt service routine) is provided with the interrupt permission flag (IP) for that 
interrupt. No change will occur in the flow of program execution (that is, interrupt will not be accepted) if an interrupt 
request is issued after execution of the El instruction, provided no interrupt permission flag is set for such interrupt. 
However, this causes the interrupt request flag (IREQ) to be set, hence the interrupt request will be accepted at the time 
when the interrupt permission flag is set. (For details, refer to the device manual.) 
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Example 2 
Shown below is an example of interrupt caused by the interrupt request which is accepted during execution of 
an instruction for operating program counter (PC). 


Interrupt service routine 


(vector address) 


Interrupt request : 
—> BR ABC 


is issued. 
El 
RET 
ABC: —————eeeFFFfsSs 
MOV OAH, #00H 


ADD OBH, #01H 
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3.44 DI 


(1) Instruction code 


00111 001 1111 0000 


(2) Function 


This instruction is used to disable vector interrupt. 


(3) Example 
See Example 1 of Section 3.43. 
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3.45 STOP s Stop CPU and release by condition s 


(1) Instruction code 
ee a eee 


(2) Function 
This instruction stops main clock, and turns the device to STOP mode. 
The current consumption can be minimized by setting a device in the STOP mode. 
The operand (s) specifies the condition by which the STOP mode is released and main clock oscillation re- 


started. 
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(1) Instruction code 


00111 011 1111 


(2) Function 
This instruction turns the device into HALT mode. 
The current consumption can be reduced by setting the device in HALT mode. 
The operand (h) specifies the condition by which the HALT mode is released and main clock oscillation started. 
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3.47 NOP No operation 


(1) Instruction code 


100 1111 | 0000 


(2) Function 
This instruction causes one machine cycle to be consumed by executing nothing. 
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Development tools for the uPD17K- Family 
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1. Development tools for the .PD17K-Family 


This section gives a brief explanation of the development environment of the »PD17K-Family. 


Hardware Tools: - IE-17K 
- SE-17xxx 
- EP-17xxx 
- EV-9200G-xx 


Software Tools: 
—~Absolute assembler (uS7B11AS17k) 


~ Device files (uSB10AS170xx) 
(uSB10AS171xx) 
(uSB10AS172xx) 


~ Simplehost, source-level debugger (uS7B 10lE 17K) 


« SW development 

« HW/SW debugging 

« Realtime test HW/SW 

* OTP/PROM sample programming 


32) OTP-device 
pPD17Pxxx 


for further tests SE-board oo 
SE-17xxx Programming ra Programmer 
SS (Promac; Ando) 
RS232C | channel 0 OO 7 a =| 
By} I. :: 


IBM-PC (AT) channel 1 


MM 
Emulation probe 


ay EP-17xxx 


EV 9200G-xx Target hardware 


Assembler package ge ce SIMPLE HOST 


Development Environment 
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IE-17K 


The IE-17K is a software development support tool applicable to every model of the .PD17K-Family. It consists of two 
boards: 


a memory board and a supervisor board. 


Features: 


- Real-time emulation and one step emulation are available. 

- Programmable break/trace function by which various break/trace 
conditions can be set hierarchically. 

- Real-time trace function with a large-capacity trace memory 
(32K steps) 

- Data memory coverage function which displays the state of 
writing in the data memory. 

- Program memory coverage function which increments a counter 
every time an instruction which references to an address 
location is executed. The maximum count is 255. 


- Incorporated programmable pattern generator (PPG) with 
14 channels. 


SE-17xxx 


The SE-17xxx is the device-specific emulator board which completes the in-circuit-emulator. To ensure that the system 
evaluation (SE) board exhibits the same electrical behaviour as the original IC, a method known as ,MAM chip“ (imple- 
mented as an ASIC) device is applied. Two 1.PD17000 devices and a MAM chip are mounted on the SE board as shown in 
the diagram. Half the /O-lines of each 17000 device are passed outside the board, so that they can be used to evaluate the 
V/O-lines of the real chip. Together with the MAM chip the other device form a bus system. All data sent out from the SE 
board or received by the SE board from outside are routed through the two 1PD17000 devices. Therefore an observer 
outside the SE board gets the impression that a real chip is being used. The extemal memory which is connected to the 
MAM chip stores the developed software in the case the SE board is used as a stand alone system. 


PORT "A" "C" 
D.U.E (2) 
PORT "B" "D" [> 


Mam' CHIP 


(EXTERNAL 
PROGRAM 
ROM or RAM) 


sedans tain tack ea cigs sat Gy etna erence tes eine sd eo ek D.U.E is the TARGET CHIP itselfs. 


Emulation Chip Set Configuration 


4-4 


NEC 


EP-17xxx 


Development tools 


To connect the SE board with the printed circuit board a special cable is required. This device-specific emulation probe is 
called EP-17xxx. 


EV-9200G-xx 


The EV-9200G-xx is a special adapter socket to connect the emulation probe EP-17xxx with the target hardware in the case 
that the target device is mounted in a QFP package. This conversion socket is soldered onto the PCB. 


HS7B11AS17K, uS7B10AS170xx 
HS7B11AS17K, uS7B10AS171xx 
MS7B11AS17K, uS7B10AS172xx 


These are absolute macro assembler packages used for all devices of the 170xx, 171xx and the 172xx device group. They 
all comprise two parts. One part is the main unit used for all devices of the corresponding device group, the other is a 
device file for the particular 1.PD17000 device. The device file includes device-specific information, like ROM and RAM size, 
reserved words and addresses of the on-chip hardware functions. The assembler has a unique feature which supports 
software assembly of the code configured in modules. The assembler handles up to 99 modules. This feature, however, 
belongs to a relocatable assembler. The assembler is not able to assemble each module separately. Nevertheless, after the 
software is assembled for the first time, the assembler can be directed to assemble only those parts of the user program 
which were changed. Therefore the software development is speeded up. 

The assembler also performs linkage operations to produce an executable code. In addition, this assembler supports 
powerful macro functions to end up in a versatile development tool for execution in a MS-DOS environment. 


SIMPLEHOST (uS7B10l1E 17K) 


SIMPLEHOST is a full-screen debugger which improves the interface between the in-circuit-emulator and the operator. 
SIMPLEHOST runs under Microsoft Windows, which means that all emulator commands can be selected and activated with 
a mouse. The contents of the ROM and RAM size of the emulator are shown on the screen together with the source pro- 
gram. 


NEC 


NEC Electronics Inc. 


Development Tools for 17K Family of Microcontrollers 


To Develop and Debug Code 


Device 
pPD17001 
uPD17002 


uPD17003A 


uPD17005 
uPD17006 
uPD17008 
uPD17010 
uPD17051 
uPD17052 
uPD17053 
uPD17102 
uPD17103 


uPD17103L 


uPD17104 


uPD17104L 


uPD17106 
uPD17107 


uPD17107L 


uPD17108 


uPD17108L 
uPD17134A 
uPD17135A 
UPD17136A 
uPD17137A 
uPD17201A 
uPD17202A 
uPD17203A 


uPD17204 
uPD17207 


Full 
Emulator 


IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 
IE-17K 


Mini 
Emulator 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 
IE-17K-ET 


Evaluation 


Board 
SE-17001 
SE-17002 
SE-17003 
SE-17003 
SE-17001 
SE-17008 
SE-17003 
SE-17051 
SE-17052 
SE-17053 
SE-17102 
SE-17103 
SE-17103 
SE-17104 
SE-17104 
SE-17106 
SE-17107 
SE-17107 
SE-17108 
SE-17108 
SE-17134 
SE-17134 
SE-17134 
SE-17134 
SE-17207 
SE-17202 
SE-17203 
SE-17204 
SE-17207 


Assembler 

pS7B11AS17K 
uS7B11AS17K 
uS7B11AS17K 
US7B11AS17K 
US7B11AS17K 
US7B11AS17K 
uS7B11AS17K 
US7B11AS17K 
US7B11AS17K 
US7B11AS17K 
US7B11AS17K 
US7B11AS17K 
US7B11AS17K 
US7B11AS17K 
US7B11AS17K 
uS7B11AS17K 
US7B11AS17K 
US7B11AS17K 
uS7B11AS17K 
uS7B11AS17K 
US7B11AS17K 
uS7B11AS17K 
US7B11AS17K 
US7B11AS17K 
uUS7B11AS17K 
US7B11AS17K 
US7B11AS17K 
US7B11AS17K 
US7B11AS17K 


Device 
File 


uS7B10AS1 7001 
uS7B10AS1 7002 
uS7B10AS1 7003 
uS7B10AS1 7005 
uS7B10AS1 7006 
uS7B10AS1 7008 
uS7B10AS1 7010 
uS7B10AS1 7051 
uS7B10AS1 7052 
uS7B10AS1 7053 
uS7B10AS1 7102 
uS7B10AS17103 
uS7B10AS1 7103 
uS7B10AS17104 
uS7B10AS1 7104 
uS7B10AS1 7106 
uS7B10AS1 7107 
uS7B10AS17107 
uS7B10AS1 7108 
uS7B10AS1 7108 
uS7B10AS17134 
uS7B10AS1 7135 
uS7B10AS1 7136 
uS7B10AS1 7137 
uS7B10AS17201 
uS7BI10AS1 7202 
uS7B10AS1 7203 
uS7B10AS17204 
uS7B10AS17207 


4-Bit Microcontrollers 


Debugger 
(Simplehost) 


uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7B10IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 


uS7BI10IE17K 


uS7B10IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
uS7BI10IE17K 
uS7BI0IE17K 
uS7BI0IE17K 
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Development Tools for the 17K Family of Microcontrollers 
To Exercise Customer Hardware 


PROM Burner PROM Burner 
Device Probe Receptacle PROMAC P2A (Ando) Adapter (Ando) 
pPD17001 EP-17001GH EV-9200G-48 AF-9704 AF-9796 
puPD17002 EP-17002CU EV-9200G-64 AF-9704 _ 
uUPD17003A EP-17003GF EV-9200G-80 AF-9704 AF-9803 
uPD17005 EP-17003GF EV-9200G-80 AF-9704 AF-9803 
uUPD17006 EP-17201GF EV-9200G-80 AF-9704 AF-9808E 
uPD17008 EP-17008CW - AF-9704 AF-9803 
pPD17010 EP-17003GF EV-9200G-80 AF-9704 AF-9803 
pPD17051 EP-17051 CU _ AF-9704 - 
uPD17052 EP-17052CW - AF-9704 - 
pPD17053 EP-17052CW - AF-9704 ~ 4 
pPD17102 EP-17102G _ AF-9704 =: 
uPD17103 EP-17103CX = AF-9704 AF-9799 
pPD17103L EP-17103CX - AF-9704 AF-9799 
uPD17104 EP-17104CS - ' AF-9704 AF-9799 
uPD17104L EP-17104CS - AF-9704 AF-9799 
puPD17106 EP-17106GC EV-9200G-64 AF-9704 AF-9803 
uPD17107 EP-17103CX - AF-9704 AF-9799 
uPD17107L EP-17103CX _ AF-9704 AF-9799 
uPD17108 EP-17104CS - AF-9704 AF-9799 
pPD17108L EP-17104CS - AF-9704 AF-9799 
EPD17134A EP-17134CT - AF-9704 AF-9808F 
EPD17135A EP-17134CT - AF-9704 AF-9808F 
uPD17136A EP-17134CT - AF-9704 AF-9808F 
UPD17137A EP-17134CT - AF-9704 AF-9808F 
EPD17201A EP-17201GF EV-9200G-80 AF-9704 AF-9808A 
pPD17202A EP-17202GF EV-9200G-64 AF-9704 AF-9808B 
uUPD17203A EP-17203GC EV-9200G-52 AF-9704 AF-9808B 
uPD17204 EP-17203GC EV-9200G-52 AF-9704 AF-9808B 
uPD17207 EP-17201 GF EV-9200G-80 AF-9704 AF-9808A 


Packaging Information 


Package/device cross reference 
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Section 5 - Packaging Information 


Package/device cross reference 


16-Pin Plastic DIP (300 mil) ............... 
16-Pin Plastic SOP (300 mil) .............. 
22-Pin Plastic DIP (300 mil) ............... 
24-Pin Plastic SOP (300 mil) .............. 
28-Pin Plastic Shrink DIP (400 mil) .... 
28-Pin Plastic SOP (375 mil) .............. 
48-Pin Plastic QFP (10x14) ..........00.. 
48-Pin Plastic Shrink DIP (600 mil) .... 
52-Pin Plastic QFP (14x14) ................ 


52-Pin Plastic QFP (14x14) bent lead 


SRS S SRST SESE E EE EE EEE STEHT EHEE SHEET EEE EHESHE EH ESTHEHSHEEH HEHEHE SE SET EET HES SESE TSH TEHEEHH EHS EH EHH SES 


CCC ETRE HE SESE EEE HEHE EET ET ESSE SE EEE SESE EEE EET EE EE SES ET SHEESH EHES HEHEHE ESE EE SHEET HHT SHE HESH EHH EH EEE 


COSTES HE SE THEE ERE EEE EEE SEE ET ETS ET EHH ES SESE ESEHEH HEHEHE TESTE EHH HH ESET HEHEHE HHHEH EHTS HEH EES 


CRSP SETHE SEE SE ESET EES EESESHEEHEEHEETTE HEHEHE EE HEE SESE SEE EHEE HEHEHE THE HEHE ETH EH EH ESH SEH EHEEHEEHHEHEEE 


SOC SESH SHEETS TE ETH HE EET EH SEEHE SEE EHE ETE EE SEE ES ESTEE TESHEHEETHEHT ESSE SH HHS EH EH HEE HEHE SEBO EE HEE EEE 


52-Pint Plastic CEP (14X14) SIAN TAG sisiccxvascorseaccacceiavaacsosseisicrcoastonseoanneeidewacaeusiannunsinesteadgniumnnetaveads 


64-Pin Plastic Shrink DIP (750 mil) .... 
64-Pin Plastic QFP (14x20)................ 
80-Pin Plastic QFP (14x20) .........0.00... 


POPS THEE EH ETE EEE EE EEE EEEEEEEEHSEH HEE EE EEE HEHEHE HEHEHE THE TH HHH SEEK H SHEESH H EHH EE HEH EE EE 
POP RESET EE HTT THEE EE EE EEE EEE HEHEHE EEHEEE HHT ESET H HESS HEHEHE EEE HHET EEE SESH SEH EHEHEESHH EHH EE HEE EE OS 
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NV. E Cc Packaging information 


16-Pin Plastic DIP (300 mil) 


uPD17103CX 
pwPD17P103CX 
uPD17107CX 
pwPD17P107CX 
16 9 
K 
p 
—~ EE 
Cc) tL 
M 0~15° 
P16C-100-300B 
NOTES ITEM MILLIMETERS INCHES 
1) Each lead centerline is located within 0.25 4 
mm (0.01 inch) of its true position (T.P.) at A | 20.32 MAX. 0.800 MAX. 
maximum material condition. B 1.27 MAX. 0.050 MAX. 
} + 
Cc 2.54 (T.P.) 0.100 (T.P.) 
2) Item “K” to center of leads when formed F ape “Saas 
arallel D 0.50°*"" 0.020 — 0.005 
p : 
F | 1.1 MIN. 0.043 MIN. 
G 25°" 0.1387? °*- 
| 4.31 MAX. 0.170 MAX. 
J 5.08 MAX. 0.200 MAX. 
4 
K 7.62 (T.P.) 0.300 (T.P.) 
L | 6.5 0.256 
" 
4 
N 001 
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Packaging information 


16-Pin Plastic SOP (300 mil) 
uPD17103GS 
uPD17P103GS 
uPD17107GS 
uPD17P107GS 


NOTE 
Each lead centerline is located within 0.12 
mm (0.005 inch) of its true position (T.P.) 
at maximum material condition. 


NEC 


J 
OE) coor | 
tt 


P16GM-50-300B 


crew | aamerens [eves 
Pa | somemax [oar max 
2 | ovemax | ont max 
Te [varaey | oosorry | 
CL 
re 
<a 
ie 


rr 
Ce fa [oa 
ce 
Le 0.2078 08 0.008 *6 982 
0028 7 
Pw [ow | eo 
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22-Pin Plastic DIP (300 mil) 
uPD17104CS 
uPD17P104CS 
uPD17108CS 
uPD17P108CS 


22 


NOTES 

1) Each lead centerline is located within 0.17 
mm (0.007 inch) of its true position (T.P.) 
at maximum material condition. 


2) Item “K” to center of leads when formed 
parallel. 


Packaging information 


12 


M 0~15° 


ITEM MILLIMETERS 


0.911 MAX. 


n 
NO 
NO 
1 
sw 
? 
8 
wo 


0.106 MAX. 
0.070 (T.P.) 


= 

[eae | om 
H 0.51 MIN. 
J 5.08 MAX. 
K 7.62 (T.P.) 
5 a a 
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Packaging information NV. E Cc 


24-Pin Plastic SOP (300 mil) 
uPD17104GS 
uPD17P104GS 
uPD17108GS 
uPD17P108GS 


‘DEI a) 


P24GM-50-300B-1 


NOTE 


oe _ MILLIMETERS INCHES 
Each lead centerline is located within 0.12 _ — = 

mm (0.005 inch) of its true position (T.P.) _ 15.94 MAX. - 0.612 MAX. 
at maximum material condition. 0.78 MAX. 0.031 MAX. 
1.27 (T.P.) 0.050 (T.P.) 
0.40 °8 65 0.016 ~8 803 
_ 0.170! _ - 0,004"°-"* 
1.8 MAX. 0.071 MAX. 

1.55 0.061 
: 7 7203, ae O3203°°""" 

5.6 0.220 

1.1 0.043 
0.20 °805 0.008 *8 883 
; o.6°2 ~=6| ~— 9.02428. 988 

0.12 0.005 


Packaging information 


28-Pin Plastic Shrink DIP (400 mil) 
uPD17134ACT 
uPD17135ACT 
uPD17136ACT 
pwPD17P136ACT 
uPD17137ACT 
uPD17P137ACT 


28 


ic . PP tL WW 
o;t 

D LN @) 
NOTES 


1) Each lead centerline is located within 0.25 
mm (0.01 inch) of its true position (T.P.) at 
maximum material condition. 


2) Item “K” to center of leads when formed 
parallel. 


NEC 


15 


K 


oe M O~15° 


P28C-100-400 


INCHES 
1.400 MAX. 


MILLIMETERS 


ITEM 


35.56 MAX. 


Te [oso | ono a 
ee 
re fase [ore 


H 


0.226 MAX. 


4.31 MAX. 


5.72 MAX. 


10.16: (7-P.} 


jo) 
NO 
ol 
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28-Pin Plastic SOP (375 mil) 
uPD17134AGT 
uPD17135AGT 
uPD17136AGT 
uPD17P136AGT 
uPD17137AGT 
uPD17P137AGT 


| C 
| 


NOTE 
Each lead centerline is located within 0.12 
mm (0.005 inch) of its true position (T.P.) 
at maximum material condition. 


Packaging information 


MILLIMETERS 


P28GM-50-375B 


INCHES 


18.07 MAX. 


0.712 MAX. 


0.78 MAX. 


1.27 (T.P.) 


+0 10 


0.40 -0 05 


acer 


2.9 MAX. 


2.50 


10.3%°3 


V2 


0.031 MAX.. 
0.050 (T.P.) 
“0.016 18 383 
0.004 2°:°°* 


0.115 MAX. 


16 


Packaging information NV; E C 


48-Pin Plastic QFP (10x14) 
uPD17001GH-xxx-2A5 
uPD17P001GH-2A5 


detail of lead end 


e) oc 
K 
| eas ne 
. ‘ ICNINONNNT : 
ona P48GH-80-2A5-1 
Sees centerline is located within 0.15 mm = bivorsenhdeadibeanie nial 
(0.006 inch) of its true position (T.P.) at maxi- A 16.8** 
mum material condition. B 14.079? 0.55120.008 
. | 10.0*°? 0.3940 008 
D ize" 6.5047°°"" 
F | 1.4 0.055 
— 4+ 
G 1.8 0.071 
H 035°" 0.01478 05 
al 0.15 0.006 
J 0.8 (T.P.) 0.031 (T.P.) 
Dk | tase o.05s-" 
L To 0.67° 0.02478 808 
m | 0.207808 0.079700 
N 0.15 0.006 
P 2.2701 0.08778988 
a, 7 oh aah | 0.004200 
rr |. 01297 = | 9.004 20008 
“s | 2.5 MAX. | (0.099 MAX. 
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NV. E Cc Packaging information 


48-Pin Plastic Shrink DIP (600 mil) 
uPD17002CU 
uPD17051CU 


| RTTTTTPOIOOOOTT TTT 


D ana cs 


FA 


K 
0~15° 


P48C-70-600B 


NOTES 1TEM | MILLIMETERS 


1) Each lead centerline is located within 0.17 } 4 
mm (0.007 inch) of its true position (T.P.) A 44.46 MAX. 
at maximum material condition. 


1.751 MAX. 


fe) 126°° O12 


0.51 MIN. | 0.020 MIN. | 


2) Item “K” to center of leads when formed 
parallel. 


0.85 MIN. 
4.9°¢°° 


rig; n;o;oa|;o 
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Packaging information NV. E Cc 


52-Pin Plastic QFP (14x14) 


uPD17203AGC-xxx-3BH 
puPD17P203AGC-001 -3BH 
puPD17P203AGC-002-3BH 
pPD17P203AGC-003-3BH 
uPD17204GC-xxx-3BH 


detailof lead end 


S$52GC-100-3BH 


NOTE - [ 
ITEM MILLIMETERS INCHES 
Each lead centerline is located within 0.20 mm + t 
: . ace : A V7.9 70:-4 0.67779 :016 
(0.008 inch) of its true position (T.P.) at maxi- tf 
mum material condition. B | 14.07° | 0.551 9.008 
c 14.0*°-2 0.551 _0.008 
-——- 4— 
D [ 17.2°"" O.6777"o" 
F 1.0 0.039 
G | 1.0 0.039 
H 0.46799" | 0.016 -0.908 
b _ 
| 0.20 0.008 
4 
J 1.0 (T.P.i | 0.039 (T.P.) 
K i 1.6°°:* 0.0637°""= 
T 
= 087°? 0.031 8.388 
M 0.15°88 | 0,006 8988 
: L 1 
N 0.15 0.006 
P 2.7 0.106 
Seca I. 
Q | 0.1 +O1 0.004 *2°.004 
-———7 + 
| oR o.1°™’ 0004729 
S 3.0 MAX. 0.119 MAX. 


NEC 


52-Pin Plastic QFP (14x14) 
bent lead 
uPD17102G-xxx-00 


detailof lead end 


0.20 0.008 
1.0 (TP) 0.039 (T.P.) 
3.5292 0.138 70.008 


op) 
oe) 
ve 
K 
a poo 
— TPA aR = 
Q “eM + 
P52G-100-00-1 
NOTE ITEM | MILLIMETERS | INCHES 
Each lead centerline is located within 0.20 mm 
(0.008 inch) of its true position (T.P.) at maxi- 
mum material condition. B 18:07°* 0.551-8 808 
D 21.0°°4 0.82720.018 
F 1.0 0.039 
| G 1.0 0.039 


| 


2.2792 0.087 28.888 


0.15-808 
0.15 0.006 


2.6.87 0.10278 882 


0.006 ~8 883 


O34" Q004+"-9%" 


3.0 MAX. 0.119 MAX. 


¢ 
— 
RO 


Packaging information 


39 27 
2 


Jt 


52-Pin Plastic QFP (14x14) 
straight lead 
ywPD17102G-xxx-03 


TA 


; * fl @) |] 


| Feecctacccal 


P52G-100-03-1 
: 
NOTE ITEM MILLIMETERS INCHES 
Each lead centerline is located within 0.20 mm t —— 
: : + as . A 19.8°-°"° 0.780-9.01 
(0.008 inch) of its true position (T.P.) at maxi- 
mum material condition. B | 14.0*°2 0.551 20:008 
c 14.0292 0.55128:808 
| D 19.8704 0.78078:815 
[ 
F 1.0 0.039 
a me 
G 1.0 0.039 
H 


2.9%°2 ae 


3:38 0.006 ~8:883 


NEC 


64-Pin Plastic Shrink DIP (750 mil) 
wPD17052CW 
uPD17053CW 


Packaging information 


E 


om | 
M O~15 


P64C-70-750A,C 
NOTES ITEM MILLIMETERS | INCHES | 
1) Each lead centerline is located within 0.17 Z Beige uae 3491 MA 
mm (0.007 inch) of its true position (T.P.) ; : 
at maximum material condition. B 1.78 MAX. 0.070 MAX. 
G 1.778 (7.P.) 0.070 (T.P.) 
“K" hen formed ; 
2) Item “K” to center of leads when for 5 peg 08 0.020 3.88 
parallel. 
G 3.2°"" 0.126 *°\?" 
| 4.31 MAX. 0.170 MAX. 
J 5.08 MAX. 0.200 MAX. 
K 19.05 (T.P) 0.750 (T.P.)} 
L 17.0 0.669 
M 0.25 808 0.010 “8.003 
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Packaging information 


64-Pin Plastic QFP (14x20) 
uPD17106GC 
uPD17P106GC 
uPD17202AGF-xxx-3BE 
uPD17P202AGF-3BE 
uPD17301GF-xxx-3BE 


NOTE 

Each lead centerline is located within 0.20 mm 
(0.008 inch) of its true position (T.P.) at maxi- 
mum material condition. 
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NEC 


detail of lead end 


P64GF-100-3B8,3BE-1 


ITEM MILLIMETERS 
23,6°°" 
20.07"? 


INCHES 
O.gz0="" 


14.90 *°? 0.551 See 


176°" 


120 
0.407040 0.016 -8 885 
0.20 0.008 

1.0 (T.P.) 0.039 (T.P.) 


M 0.15 808 0.006 ° 8.885 
ee a 
cepa 
5 ee 
Ss 


oa= 


NEC 


Packaging information 


80-Pin Plastic QFP (14x20) 

uPD17003AGF-xxx-3B9 
uPD17005GF-xxx-3B9 
u.PD17PO0SGF-3B9 
uLPD1 7006GF-xxx-3B9 
uPD17PO06GF-3B9 
uLPD17010GF-xxx-3B9 
uPD17P010GF-3B9 
uPD17201 AGF-xxx-3B9 
uPD17207GF-xxx-3B9 
uPD17P207GF-3B9 


detail of lead end 


NOTE 

Each lead centerline is located within 0.15 mm 
(0.006 inch) of its true position (T.P.) at maxi- 
mum material condition. 


S80GF-80-3B9 


ITEM MILLIMETERS INCHES 
73,2°04 0.913 9.916 
0.787 '9:808 
0.551 °8:d08 


n|/O;}/0O]O 


oA?" 
3.0 MAX. 


“20 


eer 
- | 0.8 i 
H 0.35°°"" 0.014 0.005 
coe 
J 0.8 (T.P.) 
r K 1.6792 0.063*°.8 
p 2.7 0.106 
O17 0.00479-0"" 


6.00470" 
0.119 MAX. 
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